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TABP.L lb . De invloed vande voorbehandeling van grondmonsters op de vochtkarakteristiek van de 
grond. 
Gemiddelde vochtgehahen* van gronden uit tabel la. 
Behandeling 
A. Verscheidene maanden bewaard op 
met water verzadigd zand. Monsters genomen 
binnen een oppervlakte van 2 m*. Gedurende 
3 dagen voor de bepaling verzadigd onder1j1 
atm onderdruk. Monsters 10 cm hoog. 
B. idem A. Enige weken bewaard. 
Monsters 5 cm hoog 
C. idem B. Verse monsters 
D. idem B. Monsters l / , -2 maanden 
bewaard boven droog ammoniumoxalaat 
H. idem B. Verzadigd zonder onderdruk 
G. Gemiddelde van A + B + C + D r e s p . 
K + L . Monster genomen binnen een opp. 
van 16 m ! . 
K. Verse monsters, geen enkele voorbe-
handeling 
L. Luchtdroge monsters. 3-6 dagen voor 
de bepaling met overmaat aan water gemengd 
Kleinstesignificante verschil (95%) van: 
C en D ten opzichte van G 
A, B en H ten opzichte van G. 
K ten opzichte van L 
pFO 1,3 1,7 2,0 2,3 2,7 3,3 4,2 








































• Allc vochtgchalten zijn opgegeven in gewichtsprocenten 
TABLE 1 b. Influence ofpretreatment of the soil sample on the moisture characteristic 
A. 10 cm soil samples, stored for several months under wet conditions. 
Saturated atca 1jt atm, during 3 days before determination of characteristic 
B. ibidem A. 5 cm samples, stored for some weeks. 
C. ibidem B. fresh samples. 
D ibidem B. samples 1lt-2 month stored over dry ammonium oxalate. 
H. ibidem B. saturated without suction 
G. Average value ofA + B + C+DorK + L 
K. Fresh samples, no preteatment. 
L. Sa mples air-dried, 3-6 days before determination mixed with excess water. 
Botto m lines give least significant differences. 
All m oisture percentages are given by weight. 
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TABF.L lc. Verwelkingspercentages van grond begroeid met zonnebloem en tomaat. Maart 1951. 
Grond no 
5 (1. zavel) 
5 (I. zavel) 
7 (zw. zavel) 










Vochtgehalte van de grond in gewichtsprorenten 
le Perm. wilt, point 
8,8 9,1 8,0 8,4 
8,9 8,2 
14,9 16,5 15,5 16,3 
13,9 13,2 14,6 13,1 
Ultimate wilt, point 
6,5 6,5 6,6 6,8 
7,8 




TABLE lc. Witting points of different plants 
Zonnebloem = sunflower, tomaat — tomato. 
TABEL 2. Beworteling in normaal aflopende profielen 
Diepte in cm 














































* Procenten van het totale aantal wortels in de aangegeven dikte klasse 
TABLE 2. Root distribution in normal profiles of the sea clay region for apple {left) and pear (right) for roots < 1 
mm (left) and roots > 1 mm (right). 
3°7 
















Sch. v Boskoop 
Sch. v Boskoop 
Sch. v Boskoop 
Sch. v Boskoop 
Cox O. P. 
Sch. v Boskoop 
Onderstam 
zaail. 
E M U 
zaail. 
EMU 
E M U 






























zeer ondiep profiel 
ondiep profiel 
hoge grondvvaterstand 
fraai diep profiel 
T A B L E 3a . Rooting intensity of apple (upper table) and pear (bottom table) 4th column of the left gives the rooting 
intensity. 




























Precoce de Tr . 











































zeer ondiep profiel 
ondiep profiel 
vrij diep profiel 
1
 Aantal wortels dunner dan 1 mm per m1 vertikale profiel wand; gerekend over de gehele diepte van dc wortelzone en voor 
een afstand vanaf de stam van ten minste de helfi van de plantafstand. De getallen z\]t\ afgerond tot een tiental. 
3°8 
TABEL 4. Vochtverdeling in 20 cm diepe potten, waarin poreuze buizen zijn geplaatst voor de water-
toevoer naar de ondergrond 
Pot no Plaats 
36/52 Dichtbij twee poreuze buizen 
Dichtbij twee poreuze buizen 
Midden tussen de poreuze buizen en aan 
de rand van de pot 
34/50 Dichtbij twee poreuze buizen 
Dichtbij twee poreuze buizen 
Midden tussen de poreuze buizen en 
aan de rand van de pot 
32/48 Dichtbij twee poreuze buizen 
Dichtbij twee poreuze buizen 
Midden tussen de poreuze buizen en aan 
























































TABLE 4. Moisture distribution in the pots used/or the experiment on the influence of soil moisture content on shoot 
growth ofrootstocks (see tables 5-7 and 12, fig. 13) 
For each depth 2 values; the first gives the moisture content near the porous tubes (fig. 13) the second 
in the centre region of 3 neighbouring tubes 
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stand in procenten Gem. 
beschikbaar vocht pF1 
80-100 2,25 
60- 80 2,75 
40- 60 2,85 
20- 40 3,40 
0 - 20 3,80 
75- 94 2,0 
56- 75 2,25 
37- 56 2,65 
18- 37 2,95 
0 - 18 3,40 
Totale scheutlengte en wortelgewicht in % van het 
gemiddelde per onderstam in 
19522 totaal 1953s totaal 
Scheutlengte wortel Scheutlengte wortel-














































TABLE 5a. Relation between shoot growth of apple and pear rootstocks and the soil moisture status 
Column 1. jVr. of the soil (table 1). 2. Limits to % of available moisture. 3. Average pF (belonging to K- andH-values 
of table lb) 4. For 1952 and 1953: total shoot growth apart for MIX or Quince A and M XVI and root growth for 
both rootstocks in % of the average 
In 1952 the experiment was performed in a glasshouse, in 1953 in the open air but sheltered from rain by a high glass 
roofing 
1
 De pF-waarden zijn ontleend aan de vochtkarakteristiek die berust op de vochtgehalten behorende bij de K en H-waarden 
uit tabel lb. 
• Potproef in de kas 
1
 Potproef in de open lucht, onder een vrijstaande glaskap 
4
 De opgegeven nummers komen overeen met de nummera uit tabel 1. 
3io 
TABEL 5C. Koolzuurgehahen in de bodemlucht van potten met een verschillende vochttoestand, 








































TABLE 5c. Carbondioxide content in the soil airof pots in the experiment dealt with in table 5a. 
TABEL 6. De betrekking tussen de totale scheutgroei van appel- en peeronderstammen (y) en het 
percentage beschikbaar vocht in de grond (x) 





1952 M IX 1 
M X V I 1 
1953 KweeA2 
M XVI2 
1952 M IX1 
M XVI2 











































TABLE 6. Relation between shoot and root growth of apple and pear rootstocks (y) and the percentage of available 
soil moisture (a) 
In the table first the shoot growth, underneath root growth 
1
 Relaties voor waargenomen scheutlengte in cm of waargenomen wortelgewichten in g 
1
 Relaties voor scheutlengte of wortelgewicht in procenten van het gemiddeide per proefserie met een bepaalde grond 
1
 Concerns measured shoot length and root weights 
%
 Concerns shoot length and root weights in % of the average 
3 " 
TAHKL 7. De betrekking tussen de groei van appel- en peeronderstammen (y) en de vochtspanning 
(pF) in de grond (x) 




1952 M IX1 
1952 M XVI 1 
1953 Kwee A2 
1953 M XVI 2 
1953 Kwee A2 
1953 M XVI2-
1952 M I X 1 a z M X V I 
Kwee A2 
l a w M X V l 




















Groei als afhankelijke van de vochtspanning 












































1 + 2 
5 + 6 
3 + 4 
TABLE 7. Relation between shoot and root growth of apple and pear rootstocks (y) and soil moisture tension (x) 
1
 Relaties voor waargenomen scheutlengte in cm of waargenomen wortelgewichten in g 
1
 Relaties voor scheutlengte of wortelgewicht in procenten van het gemiddelde per proefserie met een bepaalde grond 
* Ti = correlatie coefficient voor de berekende/waargenomen groei. 
N.B. I)e verschillen in de r,-waarden zijn niet significant. 
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TABLE 9. Soil moisture content infield experiment with Lombartscalville MIX 















































TABLE 10. Comparison of climatic/actors in 1953 (normal summer) and 1954 (rainy, cool summer) 


























TABLE 11. Number of nights with a dew cover on grass 
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TABEL 12a. Reactie van de scheutgroei van appelonderstammen op de vochttoestand van de grond in 







































































































































































































































































































































































N = 24-21 gew-% vocht = 93-73% beschikbaar vocht 
V = 22-19 gew-% vocht = 80-60% beschikbaar vocht 
D = 13-10 gew-% vocht = 20- 6% beschikbaar vocht 
TABLE 12a. Shoot growth of apple rootstocks in relation to soil moisture content in different periods of the seasons 
Treatment ( = behandeling) : 
jV = 24-21% of moisture (by weight) = 93-73% ofav. moisture 
V = 22-19% of moisture (by weight) = 80-60% ofav. moisture 
D = 13-10% of moisture (by weight) = 20- 6% ofav. moisture 
3*4 



























































































experiment belonging to table 1 'la 
1
 V •- nat 93-73 "„ b r v bikbaar vochi 
M - vwlitiK --• Hi)-60 *'„ beschikbaar votht 
I) -= drooR -- 20 - 6 ° „ br-whikbaar v m h t 
i () r-
 Keen syniplomcn 
3 - vfrsrhcidcne b lad r r rn mr i necrose 
1
 0 --- no symptoms ofItaf necrosis 
3 *^ several Itaves with necrotic spots 
1
 0 gren bladval 
3 --- veel bladval 
4
 nig acq. in 1(H) if dr<njc stof 
N.B. Dr sffbruiktrKronci i* kalkrijkc zavcl, no. 6 nil labr l 1. 
no drop of leaves 
i many leaves dropped 
3 1 5 
T A W . L 12C. Reactie van de scheutgroei van appelonderstammen op de vochtlocstand van de grond 
















































































8,0 n n 
Nat ---• 24-21 gevv. °„ vocht — 9 3 - 7 3 ° 0 bcschikbaar vut-ht 
Vochtig - 2 2 - 1 9 gew. "„ vocht 8 0 - « ) ° o bcschikbaar vocht 
Droog •-- 13- 10 gew. °„ vocht - 2 0 - 6*'„ beschikbaar vocht 
T A B L E 12c. Shoot growth in relation to soil moisture content. Summary of results oj table 12a 
CemiJilelde scheutlengte — average shoot length 
Kleinste sign, rerschil — least significant difference 
T A B K I . 12d. Variantie-analyse vochtirappen-perioden-proef 1953 
Totaal 
HiH)fdcfrecten: 
\ 'ochttoestand I apr. -mei 
Vochttoesland I l j u n i - j u l i 
Vochttoesland III aug. -sept . 
Intercedes: 
I lineair X II lineair 
II lineair X III lineair 
I lineair X III lineair 
Rest 






































T A B L E 12d. Analysis oj variance ojdata table 12a 
* • • Significant op 99 °t, niveau 
3i6 
TABEL 12e. Reactie van de wortelgroei op de vochttoestand van de grond in verschillende perioden 























































Nat = 24-21 gew.-% vocht = 93-73% beschikbaar vocht 
Vochtig = 22-19 gew.-% vocht = 80-60% beschikbaar vocht 
Droog = 13-10 gew.-% vocht = 20- 6% beschikbaar vocht 
TABLE 12e. Root growth in relation to soil moisture content in different periods of the season (the same trial as 
given in table 12a) 
Vers = fresh roots, dry = dried roots 
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Nat = 2 4 - 2 1 gew-% vocht 
Vochtig = 22-19 gew-% vocht 
Droog = 13-10 gew-% vocht 
TABLE 12f. After effects of soil moisture status on shoot growth ofrootstocks in the following year 
1
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TABEL 16a. De invloed van de vochttoestand van de humusrijke bovengrond op de groei van appelondcr-
stammen in een potproef 1956 









0 ^ 5 
0-45 
0-45 
Ca1 K» Mg1 P1 Fe l Al1 Mn>
 P H 
4000 210 80 18 
9000 22 135 V. 
Vochttoestand 







< l < 1 4>/2 7,6 
< 1 < 1 8 7,8 
N'O, 
Datum 






















TABLE 16a. Growth ofrootstocks in relation to moisture content of the topsoil (fig. 35) 
Column 1: Depth of soil layer, 2. Moisture status before 11 June and after 11 June 
Dry — droog, moist = vochtig. 3. Chemical soil analysis 
1
 Bepaald in Morgan's Extract 1/2 J van de grond, dpm. Bepaald in waterextract 1/2^  van dc grond, dpm. 
TABEL 16b. De reactie van de scheutgroei1 van appelonderstammen op de vochttoestand van de 
bovengrond 1956 
Vochttoestand van de 
bovengrond, 0-15 cm 
(Ondergrond 15-45 cm 
blijft op veldcapaciteit) 











op 11 juni in September 
y x o x 
75,2 69,0 18,0 
58,9 80,8 26,4 
63,7 82,0 18,0 
61,7 80,4 29,7 
Scheutlengte 
in sept, in % 













TABLE 16b. Growth ofrootstocks in relation to moisture content of the topsoil 
Column 3: Shoot length per plant 11 June. 4. Shoot length September. 6. Shoot length September in % of June. 
7. Shoot weight gr./plant 
1
 Scheutgroei van 16 MXI - onderstammen per pot 
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Herkomst v/h voor 













TABLE 16c. Chemical leaf analy. 















Bladgehaltcr i in mg aeq 
of mg mol/100 g dr.st. 















































11 sept ember 
11 September 
trappen proeven. Potproef opgezet in 1957. Resultaten 1958. 
Appelonderstam M XI . 20 cm diepe potten, 
a. Scheutlengte/pot cm 
b. Scheutgewicht/pot g 
c. Blad X-gehalte 27 juni 
mg mol N/100 g d.s. 
d. Grond N03-gehalie 30 juli 
dpm/extract 1/2 $ 
1 
Stikstof-




















































































TABLE 17. Nitrogen nutrition and growth ofrootslocks in relation to soil moisture content in sandy silt loam. 
Column I: a. shoot length cmjpot. b. Shoot weight cmjpot. c. Leaf nitrogen content, d. Soil Str03 content. 
2. N-dose; gr.Ca{Not)ilplantjyear. 3% available moisture. 
1 N = 0,6 g KS/planl/jaar 
2 N - 1,2 g KS/plant/jaar 
3 N = 1,8 g KS/plant/jaar 
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TABEL 18a. Resultaten van het bodembehandelingsproefveld te Nieuw- en Sint Joosland 



































































1 4 | 
Slikstofgel 












Nitraatgehalte v/d bodem 5 





















juli mei juni juli 
23 5 9 
10 4 ] 
59 2 21 
9 3 








































































Vochtgehalte v/d bodem' 





























































TABLE 18a. Performance of the Golden Delicious apple MII in an experiment concerning soil management on a 
good profile in the sea clay region 
1
 Veld 5 met blijvcnd gras begroeid; 200 kg N / h a ; onbesprocid 
Veld 6 met bhjvend gras begroeid; 200 kg N / h a ; bodem vochtgehalte wekelijks tot veldcapaciteit aangevuld. 
* meters nieuw lot per m vruchtdragende taklengte 
• opbrengst gecorrigeerd voor verschil in de grootte van de proefbomen in het betreffende jaar (zie BUTIJN en v.d. BOON, 
1957). 
1
 in m g mol N/100 g droge stof. 
1
 in d p m , in grondextract 1/2,5. 
* vochtgehalten in procenten vocht betrokken op droge grond. 
N .B . O m d a t veld 6 steeds direct voor cen eventuele besproeiing is bemonsterd, ligt het gemiddeld bodemvochtgehalte in 
di t veld enigszins hoger. 
1
 Yield per year and average 1958/55 
• Plot Mr.; Mr. 5 = sod, 200 kg Ml ha. Mr. 6 = sod, 200 kg M,'ha, moisture content maintained near field capacity, eventually at weekly 
intervals sprinkler irrigation. 
* Shoot length of the current year of fruit bearing branches. 
4
 Yield (calculated for trees of the average size in fruit bearing branche). 
* M content of the leaf mg mol / 100 gr. d.m. 
* M0t content in soil extract. 
1
 Soil moisture content; % by weight. 
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TABEL 18b Enkele resultaten van het bodembehandelingsproefveld te Nicuw- en St. Joosland 





























Stikstofgehalte v/h blad4 
Opbrengst le h. 2e h. le h. 2e h. le h. 
kg/ha* juni juni juli juli aug. 
17,800 172 155 159 156 171 
9,100 137 115 107 111 113 
36,900 161 174 159 166 176 
32,200 132 149 133 147 153 
18,700 118 107 123 129 132 
11,500 117 101 111 113 118 
26,200 175 166 159 155 152 
28,200 176 159 149 150 148 
24,900 157 151 150 152 158 
20,200 141 131 125 130 133 
Jaar 
1958 J 3 
1957 ) 3 
1956 > 3 
1955 \ 3 
Gemid. j 3 
Veld 
N o ' 
Nitraatgehalte v/d bodem5 
0-40 cm diep 40-80 cm diep 


























Vochtgehalte v/d bodem • 
0-40 cm diep 40-80 en diep 



































































TABLE 18b. Ibidem table 18a 
PlotNr. 3 = cover cropped from June or July untillMarch, lOOkgNjha 
Nr. 4 = sod, 100 kg Njha 
meters nieuw lot per m vruchtdragende taklengte. 
opbrengst gecorrigeerd voor verschil in de grootte van de proeibomen in het betreffende jaar — zic BUTIJN en V.D. BOON, 1957. 
in mg mol N/100 g droge stof 
in d.p.m. in grondextract 1/2,5. 
vochtgehalten in procenten vocht betrokken op droge grond. 
Veld 3. Met eenjarige groenbemesting begroeid in de tweede helft van de zomer en het najaar, eventueel in de 
winter; onbesproeid; 100 kg N/ha 
Veld 4. Met blijvend gras begroeid; onbesproeid; 100 kg N/ha 
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TABF.L 19. Opbrengst van Lucerne in GO cm vvijde poiten met verschillcnde grond vvaterstanden 
Oogstdatum 
Tolaal 
Grondwatersland 14-7-'52 gemiddeld I8-8-'52 gemiddeld g ds. per pot 
[59 152 
— 1,50 m \rl 1«2 -„ 155 317 
1 ()3 1 J 8 
139 140 
— 1,50 m* ,„ 143 . , ' 144 287 
1 'to 1 "to 
— 1,90 m I25 1 2 8 139 1 3 4 2G2 
TABLE 19. Yield of lucerne in relation to ground water level in a silt loam 
• Van 21/7 - 4 8 grbrarl i l op — 1,90 m 
TABKL 20. De invloed van het grondwater op de vochttoestand van de bodem 
Hoogte zone met 
Grondsoort Hoogte ,,snelcapillaire zone" ,,even\vichtsvochtspanning" 
Duinzand < 20 cm 40-(i0 cm (label 2 1 ; plek 24) 
Plaatzand 3 -7% afslibb.delen 30-40 cm (fig. 38, 39) 
Fijnzand 5-7% afslibb.delen 50-60 cm (fig. 37) 
Lirhte zavel 30 cm 50 cm 
I.ichte klei 10 cm 
TABLE 20. Height of „ fast capillary zone" and „zone with equilibrium soil moisture tension" 
Kinds of soil „dunt" coarse sand (Ar. 1 of table I) 
„filaal" medium coarse sand f\r. 27 of table 1) 
„ fine" sand {Sr ]f> of table ]) 
sandy iilt loam (Xr 22 of table 1) 
IIKlJW (IW (-ST I'J »f I'M' I) 
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TAHFX 22. De capillaire opstijging in bodemprofielen beplant met boomgaard 
Srhatting vaa de capillaire opstijging van de ondergelfgen 








































































uit de vochtgehalten 
in proefplek 63 














































T A B L E 22 . Capillary rise in orchard soils in mmfday 
Top table concerns a sandy sill loam comparable with plot j\r. 22 
Bottom table concerns a poor dune sand comparable with plot A r. 63 
0 = minder dan 0,1 mm capillaire opstijging per dag 
* " 0 , 1 - 1 , 0 mm capillaire opstijging per dag 
*• == 1 - 10 mm capillaire opstijging per dag 
" * «• nicer dan 10 mm capillaire opstijging per dag 
— «= negalieve capillaire opslijijing. 
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TABEL 23. Resultaten van de berekening van een grondwaterstand die een bepaalde hoeveelheid 
capillaire vochtopstijging oplevert in een bepaalde laag van een goed doorworteld profiel 
beplant met vruchtbomen 
Diepte Percentage wortels 
grondlaag dunner dan 1 m m 1 























tot de aangegeven 
diepte mm/dag 











plek 22 ' plek 63 ' 
65 
100 
in cm W.K. 
berekend 




plek 63 ' 
16 
TABLE 23. Calculation of the capillary rise (mmjday) in two schematic soil profiles 
(Comparable with observation plots 22 and 63) for a given situation - column 2 gives root distribution which de-
termines relative moisture uptake in the soil layers indicated in column 1, column 3: capillary rise desired, column 
4: soil moisture tension (values of 100 and 65 desired, others calculated) 
1
 Dit percentage is een maat voor de vochtopname in de betreffende laag. De totale vochtopname it 3 mm/dag. 































































































TABLE 24. Percentage of roots (y) in relation to volume of air (x) in deeper layers of the rooting zone 
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TABEL 26. De betrekking tussen de grondwaterstand in een aantal proefplekken en de grondwater-
stand in een stambuis 

































































































































































TABLE 26. Groundwater level in orchard soils (y) in relation to groundwater level in a standard profile (x) for a 
hydrological homogeneous region 
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TABKL 27. De invloed van de regenval op hct koolzuurgehalte van de bodemlucht in een grasboum-
gaard 1953 (bij proefplek VI) 
Volumeprocentcn CX)2 aan het eind van de betreflende periode 
Regenval- Verdamping 
-37,9mm -12,2mm -0,6 mm -21,0mm -15,0mm -13,9mm -27,9mm -





























Kunstmatige necrslag per dag 
3,5 mm 6 mm 6 mm 6 mm 3,4 mm 





TABLE 27. Carbondioxide content of the soil air under sod as related to precipitation 
(near observation plot VI) 
jV.B. Upper most line gives precipitation minus evaporation for the period indicated on the 2nd line. 

















TABF.L 28. Wortels in twee tegenover elkaar liggende profielwanden op een afstand van ± '/8 m 
Bodem-
type 
MM r 3 
M X s l 5 
MX k 1 
MX s 10 
Ras 
Jonathan 
M X V I 
jong 












































































































































































































TABLE 28. Comparison of root distribution of fruit trees in 2 opposite sides of a trench made for root studies 
(w\ and w\, compare jig. 50) 
Figures in the table on the left refer to roots < 1 mm, on the right roots > / mm 
Oost = east side of the trench, aantal = number of roots 
West = west side of the trench, % = percentage of roots 
330 
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Vervolg Tabel 33 
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Proefplek 24 
Diepte in dm 
St. im St. Remy Z. 
'-0,55 m afstand 
—1,10 m afstand 
1,65 m afstand 
| 2,20 m afstand 
Sts 
Oc 
1,65 m afstand 
i n 
St 
—1,10 m afstand 
|-0,55 m afstand 



















































Diepte in dm 
Stam St. Remy Z. 
+ 0,50 m afstand 
0,65 m afstand 
0,80 m afstand 
0,95 m afstand 
1,10 m afstand 
1,25 m afstand 
1,40 m afstand 

















































TABLE 33. Soil moisture content near and at greater distance from a tree 
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TABLE 34. Significance of data concerning soil moisture content (by volume) 



























































TABLE 35. Tensiomtter readings at different points within an observation plot 
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TABLE 37. Significance of data concerning % of soil air (by volume) 
TABEL 38. Vruchtdoorsneden (x) in mm 
Proefplek 
no Ras 
1 Zoete Ermgaard 










67 Tr. de Croncels 




























































































TABLE 38. Fruit diameters at several observation plots (first column) 
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TABEL 44. De hoeveelheid wortels van gras onder invloed van de maaifrequentie 
Hoeveelheid wortels in de laag 0-20 cm bij een maal maaien per maand = 100 
Diepte 
1 x maaien per maand 












c ( h ) 
0,4 
0,3 
TABLE 44. Quantity of grass roots in relation to mowingfrequency (lor 2 cutsjmonth) 
TABEL 45. Verdamping van een vrij wateroppervlak (volgens Penman) te Wilhelminadorp 
1954 Open veld 
1953 In boomgaard, 
1954 dichtbij de grond 




































TABLE 45. Evaporation of open water at the soil surface according to Penman 
Open veld = open field, in boomgaard = under fruit trees in orchard. 
N.B. B«rekend naar weengegevens van VHssingen K.N.M.I. (wind, zonneuren, straiing) en Wilhelminadorp (neerslag, tempe-
ratuur, rel. luchtvochtigheid). Voor de berekening van de verdamping in boomgaard zijn correctiefactoren op de windsterkte 
en de straiing in het open veld toegeput (zie [53J ) 
TABEL 46. Relatieve verdamping op verschillende plaatsen. 




De Bilt 141 
Wageningen 135 
Wilhelminadorp c.v. 101 
De Bilt 100 
Wageningen 135 
Verdamping Piche evaporimeter 
De Bilt = 100 
Wilhelminadorp 114 
De Bilt 100 
Wageningen 149 
TABLE 46. Relative evaporation at different places 
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TABEL 47. Neerslag onder vruchtbomen in het groeiseizoen 
Percentage van de regenval 





Zijde van de boo 
opgevangen 

























TABLE 47. Percentage of precipitation reaching the soil surface under fruit trees compared with precipitation in the 
open field 
Pereboom = pear tree, appelboom = apple tree, Direction: jV.O. = northeast, O = east, Z-O. = south east, 
Z = south, Z-W. = south west 












n = 55 
Periode 1950-1954 
15 mei- 15juni-
15juni 15 juli 
96,4 
n = 59 
81,8 












n = 15 
TABLE 48. Average evapotranspiration of orchard 
Gehele zomerseizoen 15 maart-15 oktober 502,6 mm 
Voor het groeiseizoen 15 april-15 oktober 436,3 mm 
Voor de periode met de scheutgroei 15 april-15 juli 242,5 mm 





























































































































TABEL 51. Verdamping van gras in en buiten een boomgaard 1953. 
Periode 
15/4-15/5 15/5-15/6 15/6-15/7 
In boomgaard 34,9 mm 48,4 mm 75,4 mm 
Gras in boomgaard
 = ^ ^ ^ Qfi3 
Verdamping vrij water volgenj PENMAN in open veld 
In open veld 52,0 64,0 90,6 
Gras in open veld 
Verdamping vrij water volgens PENMAN in open veld = ca 0,53 0,61 0,75 
TABLE 51. Evaporation of sod in orchard 
evapotranspiration of sod in orchard 
evaporation of open water ace. Penman in the open field 
Evapotranspiration of sod in the open field 
evapotranspiration of sod in the open field 
Ratio : 
evaporation of open water ace. Penman in the open field 
340 
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TABEL 57. Het stikstofgehalte van het blad als aanwijzing voor de gevoeligheid voor magnesiumge-
brek van dc plant. 
Appelras en onderstam 
CoxO.P. / 
M I I , M X V I ( 
zonder M IX 
1 Gem. N-gehalte van het blad. 
mgat / lOOgdr.s tof 159,6 
2 Gem. Mg-gehalte van het blad. 
mgaeq/lOOgdr.stof 14,39 
3 Gem. K-gehalte van het blad 
mgaeq/lOOgdr. stof 40,1 
4 mMg (in de formule Mg = mMg X N ; 
MgenNzi jngeha l t enaanMgenNinhe tb l ad ) 0,091 ±0,004 
5 mj< (in de formule K = m R X N ; K en N zijn 
gehalten van K en N in het blad) 0,25 ± 0,007 
6 PK/Mg> K| K„ 0,42 
> (uit de formule log-——= plog— |-K) 
7 kK /Mg^ Mg; v 8 M g ( / > 0,80 
Ki 
- — is de K/Mg verhouding in het blad 
Mgi 
—— is de K/Mg verhouding in de grond 
Mg0 
8 Correlatiecoefficient voor het N-gehalte en 
het K-gehalte in het blad ;rN-/K 0,10 ±0,16 0,59 ±0,18 0,18 ±0,12 
9 Correlatiecoefficient voor het N-gehalte en 
het Mg-gehalte in het blad; rx/Mg 0,20 ±0,14 0,19 ±0,22 0,24 ±0,12 
TABLE 57. Leaf nitrogen content in relation to Mg deficiency 
1 Average N content of the leaf 
2 Average Mg content of the leaf 
3 Average K content of the leaf 
4 Factor m&ig of the formula: (leaf content in Mg) = mMg X (leaf content in N) 
5 Factor m/f of the formula: (leaf content in K) = m# X (leaf content in K) 
6 PK/Mg of the formula log (leafK/Mg) = p log (soil K/Mg) + K 
7 KK/Mg of the formula log (leafK/Mg) = p log (soil KjMg) +K 
8 Correlation coefficient for leaf-N versus leaf-K content 
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TABEL 63. De invloed van de kalk- en de fosfaattoestand in de grond op de kationabsorptie door <le 
plant 
Adsorptie volgens de formule van FREUNDLICH: 
y = p log x + k 
y = hoeveelheid van een element in het blad, mg aeq/100 g dr.stof 
x hoeveelheid van een element in grondextract volgens MORGAN 
(1 :2>/,)d.p.m.« 
P > 
, / = constante voordeopname van het element. 
Kalk- Fosfaat-
Opge- Appel- toest.v/d toest. v/d 
nomen rason- grond grond 








M i l , 
XVI + 
Jonathai 
M X V I 


















































































T A B L E 6 3 . Absorption of elements by apples in relation to the Ca and P content of the soil. Constants of the Freund-
lich formulafcompare table 60) 
1st column: kind of element 
2 nd column: variety and rootstock 
3 rd column: lime content of the soil 
4 th column: Y-content of the soil 
1
 Voor een goedc vergelijking van de K- en Mg-opname is de hoeveelheid Mg in het grondextract door 2 gedeeld. 
1
 d.p.m. Ca of P in Morgan's extract van de grond. 
* Aantal gevallen 
* = Factor van een niet wiskundig vereffende iijn. 
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TABEL 64. De invloed van de kalk- en mangaantoestand in de grond op de kationenaborptie door 
de plant 
Adsorptie volgens de formule van FREUNDLICH : 
y = p log x + k 
y = hoeveelheid van een element in het blad mg aeq/100 g dr. stof 
y = hoeveelheid van een element in grondextract vlg. Morgan 
(l:2V,)dpm» 













































































































TABLE 64. Absorption of elements by apple in relation to the Ca and Mn content of the soil. For explanation 
see table 63. 
Column 3b : Mn content of the soil. 
1
 Voor een goede vergelijking van de K- en Mg-opnarae is de hoeveelheid Mg in het grondextract door 2 gedeeld. 
* d.p.m. Ga en Mn in Morgan's extract van de grond. 
* Aantal gevallen. 
* «= Factor van een niet wtskundig vereffende lijn. 
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TABEL 65. De invloed van bespuitingsproeven tegen magnesiumgebrek op de chemische toestand van 
het blad. 















































































































































TABLE 65. The influence of sprays with Mg- and POt-containing solutions on mineral contents of the leaf. 
Column 1. Date of spray application. 
Column 2. Kind of spray solution. 
Column 3. Mineral contents of the leaf. 
Mg = 2 % M g S O , 
P = 0,3%H3PO, 
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TABEL 66. De invloed van de bodembehandeling op de toesland van het blad 
Chemische Bladanalyse 1953 
Fruilteelt Demonstratie Bedrijf Hoofddorp 
Ras 
Cox's M IV 
Glorie v. 
Holland 




































































































































































TABLE 66. Chemical leaf analysis in relation to soil management systems 
Gras = sward, groenbemesting — cover cropped, stro = straw mulch, zwart clean cultivated. 
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1 2 ! 
Ngift 
3 g N/mnd. 
bianco 
3 g N/innd. 
Blanco 
3 g N/mnd. op 
12 g N/mnd. 
3 g N/mnd. op 
bianco 
3 g N/mnd. 
bianco 
3 g N/mnd. 
bianco 
3 g N/mnd. op 
12 g N/mnd. 











































































































T A B L E 67a. Reactions of rootslocks to cover crops 
Column 1: pot Nr 
2: cover crop, white clover = witte klaver, Eng. raai = ryegrass, bianco — none. 
3 : Kind and rate of Nfertilization; 3 gr NI month on the soil. 3 gr Njmnd. op blad=3 gr Njtnonth on 
the leaf (urea) 
4,5: shoot growth 
6: Afg deficiency, high figures mean severe deficiency 
1
 van 5 planten 
* 0 = geen symptomen 
1 = enig magnesium-gebrek 
2 = duidelijk magnesium-gebrek 
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1 ABEL 68. Partiele correlatiecoefficienten van de belangrijkste bodemfactoren betrokken bij het 
optreden van ijzergebrek 









































TABLE 68. Partial correlation coefficients of the principal soil factors inducing Fe-deficiency, ( — Fe-gebrek) 
1
 Maximalc hoevcelheid van hct betreffende element in de grondlagen 0-60 cm diep, opgelost in Morgan's extractie vloeistof 
d.p.m. 
1
 Koolzuurpercentage van de bodemlucht op 50 cm diepte op de datum van waarneming van het ijzergebrek, in volume 
procenten. 
« Gemiddelde humusgehalten van de grondlagcn tot 40 cm diep. 
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TABEL 70. De invloed van de bodembedekking en bodembegroeiing op de bodemtemperatuur 
Datum 
21 maart 1953 
10 april 1953 
15 mei 1953 
lOjuni 1953 
17 juli 1953 
14 augustus 1953 
18 September 1953 




















































































































































































































































TABLE 70. Soil temperature in relation to soil management 
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TABF.L 73. Gemiddelde uitspoeling van elementen uit boomgaarden in Z.W.-Nederland 
Berekend naar de gemiddelde gehalten van de elementen in het grondwater in de, winters van 1950/'51 
en 1951/*52 en een gemiddelde drainage over de winterperioden 1951/'52 - 1958/'59. 
Element 
Kalium (als KaO) 
Magnesium (als MgO) 
Calcium (als CaCO,) 
































TABLE 73. Average losses from several orchard soils by drainage (compare table 72) 
TABEL 75. De invloed van de bemesting op het resultaat van de grondanalyse 




















































































TABLE 75. Ibidem table 74 
* In de kolom is aangegeven de hoeveelheid zuivere meststof en de vorm waarin ze is gegeven. 
1
 Uitgevoerd door het Bedrijfslaboratorium voor Grond- en Gewasonderzoek te Oosterbcek. 
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800 kg K 2 0/ha als 
Zwavelzure kali 
800 kg K 2 0/ha + 
200 kg N/ha als zwa-













































































































































TABLE 76. Ibidem table 74 
Zwavelzure kali — Kt S 0 4 {commercial grade) 
1
 Opgegeven in d.p.m. in Morgan's extract 1 : 2,5 van de grond. 
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TABEL 78. Verliezen uit de grond door de teelt van appel en peer 






















































































































































































TABLE 78. Permanent losses of elements from orchard soils ; kgjhajyear 
Column 1: part of plant removed (fruits, prunings, new growth of trunk, branches and roots) 
2: quantity I ha 
3: element considered (M, K, P, Ca, Mg) 5: apple 
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T A B E L 80. Verl iezen a a n voedingselementen en d e gebruikeli jke bemest ing v a n frui t teel tgronden in 
Z . -W. -Nede r l and in kg /ha . 
Blijvende ont rekking 
door d c oogst, snoci-
hou t , groei en>.. 30 
Uitspoel ing 15-50 
Verl iezen uit d e b o d e m 4 5 - 8 0 
Gebruikel i jke bemest ing 1 0 0 - 1 4 0 1 

















T A B L E 80 . Peimanent tosses of elements from orchaid soils in the SiV of the Netherlands 
By (first line) crop, prunings, new growth etc. and by (2nd line) drainage. 
Bottom line gives the quantity of elements applied as fertilizer (Recently P has been given in afar smaller quantity) 
1
 In grasboomgaarden zcker 50 kg N meer. 
1
 In dc allerlaatstc jaren is deze bemesting drastisch beperkt. In vele percelen waar de grond een goed fosfaatgehalte vertoont 
wordt geen fosfaatbemesling gegeven. 
1
 Op de kaliarme estruarium gronden zeker 50 kg K , 0 meer. 
T A B E L 82 . Kansen o p het op l r eden v a n voedingsziekten 
Gebaseerd o p d e resul ta ten v a n d e grondana lyse van frui t teel tgronden doo r he t Bedrijfslaboratoriuin 




Zuid-Hollandse eil landen: 
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T A B L E 82 . Chances of the appearance of zinc and iron deficiency, due to P and CaCO
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TABEL 83. . De relatieve waarde van verschillende systemen van bodembehandeling 
Auteur 
ALDERFER & MERKLE, 1944 
ANTHONY, 1931 
ANTHONY C.S., 1948 
BAKER, 1936 
BOULD, JARRETT, 1956 
BUTIJN & SCHUURMAN, 1957 
CULLINAN & BAKER, 1927 





LYON C.S., 1925 
OSKAMP, 1920 
0STLIND, 1951 
PARKER & JONES, 1951 
PIENIAZECK C.S., 1955 
ROGERS & RAPTOPOULOS, 1946 
SHAW & SOUTHWICK, 1930 
SPRENGER & TER KUILE, 
1949 e.v. 
STEWART, 1916 
UPSHALL C.S., 1945 
V'erslag Rumbeke Beitum, 
1954, e.v. 
Land 
Getoetste systemen in volgorde, 



























4 jaar gras-zwart, blijvend gras 
legiminosen + N, 1 
gras 4- N, zwart ON 
groenbem. -f- N, 1 
gras 4- N, zwart 4- N 




groenbem., stro, gras 4- stro, 
grasmulch 4- N, grasmulch ON 
zwart, late groenbem., vroegge-
zaaide groenbem., gras 
zwart, onbem.-onkruid dood-
spuiten, zwart bemest, gras 
zwart, gras 4- N 
legiminosen-stro, stro, gras ( 
wintergroenbem., zomer-
groenbem., mulch 
zwart, gras 4- veel N | 
groenbem., zwart 
groenbem., zwart, gras 
wintergroenbem. 4- N, zwart 4- N 
zwart 4- stalmest 4- N, 
groenbem. 4- N 
grasstrook op de rij = groenbem. 
groenbem., zwart 
hooimulch, zwart 
stromulch, gras gehooid, zwart 
mulch, zwart 4- onkruid, gras 
stro 4- N, stro 4- stalmest, stro 










TABLE 83. Sequence in results obtained by soil management practices according to different authors 
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Fig. I-XIV DE WATERHUISHOUDING IN VERSCHILLENDE 
PROFIELEN BEPLANT MET FRUIT 
Water management in diverse orchard soils 
Fig. Proefplek 
Fig. Plot nr. 
I 18 Een goede middelland kreekruggrond beplant met Scheme v. Boskoop/M II 
Water management in a good medium old soil profile, (to be compared with observation 
plot 17,fig. II) 
II 17 Een slechte oudeland poelgrond beplant met Schone v. Boskoop/M II 
Water management in a compact old clay soil, (to be compared with observation plot 18, 
fig-J) 
III 28 Een goede nieuwland schorgrond beplant met Schone v. Boskoop/Z 
Water management in a good young soil profile, deeply drained (to be compared with 
observation plot 29, fig. IV) 
IV 29 Een slechte nieuwland plaatgrond beplant met Schone v. Boskoop/Z 
Water management in a dry shallow young profile, excessively deep drained (to be 
compared with observation plot 28, fig. Ill) 
V 24 Een goede nieuwland schorgrond met storende zandlaag, beplant met Saint 
Remy/Z 
Water management in a good young soil profile, deeply drained (to be compared with 
plot 25, fig. VI) 
VI 25 Een slechte nieuwland plaatgrond beplant met Saint Remy/Z 
Water management in a dry shallow rooted young soil profile, excessively deep drained 
(to be compared with observation plot 24, fig. V) 
VII 1 Een verjongde (oudeland) poelgrond met zeer hoge grondwaterstand beplant 
met Zoete Ermgaard/Z 
Water management in a profile of medium quality, poorly drained (to be compared with 
observation plot 2, fig. VIII) 
VIII 2 Een verjongde(oudeland) poelgrond met hoge grondwaterstand beplant 
met Zoete Ermgaard/Z 
Water management in a profile oj medium quality, imperfectly drained (to be compared 
with observation plot I, fig. VII) 
IX 4 Een matig goede diep ontwaterde oudeland kreekruggrond beplant met 
Mank's Codlin/Z en Bramley Seedling/Z 
Water management in a medium old sandy silt loam, excessively deep drained, (to be 
compared with observation plot 5, fig. X) 
X 5 Een goede ontzande oudeland kreekruggrond beplant met Schone v. Bos-
koop/Z 
Water management in a medium old sandy silt loam with a good ground water table 
(to be compared with observation plot 4, fig. IX) 
XI I—IV Matig tot goede nieuwland plaat- en schorgrond profielen beplant met 
Precoce de Trevoux/Z en kw, onder invloed van verschillende bodembehan-
delingsmaatregelen. 
Water management in good young soil profiles in relation to different soil management 
practices 
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Fig. I'roe f pick 
Fig. Plot nr. 
XII 57-59 Een gocde zware nieuwland schorgrond beplant met Precoce de Trevoux/kw 
onder invloed van verschillende bodembehandelingsmaatregelen 
Water management in a moist young profile in relation to different soil management 
practices 
XII I 60-62 Een goede vochtige duingrond beplant met Transparent de Croncels/Z onder 
invloed van verschillende bodembehandelingsmaatregelen 
Water management in a good continuous moist sandy profile in relation to different soil 
management practices 
XIV 63-65 Een matig geschikte vrij droge duingrond beplant met Bramley's Seedling/Z 
en Yellow Transparent/Z onder invloed van verschillende bodembehandelings-
maatregelen 
Water management in a poor sandy profile of varying moisture content in relation to 
different soil management practice* 
XV Bodembehandelingsschema's voor boomgaard 
Schemes for modern systems of orchard soil management 
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GLOSSARY 
neerslag - verdamping 
grwst. 
gewichtspercentage vocht 
(diepte in cm - mv) 
pF volgens tensiometer 
radiculair gemiddeld % 
beschikbaar vocht 
% beschikbaar vocht in de voedingszone 
% dunne wortels 
% dikke wortels 
% slib 






precipitation minus evaporation (open water) 
depth 0/groundwater table 
•• % of soil moisture by weight 
depth of soil layer in cm 
•• pF according to tensiometer readings 
•• rooting weighted average % of available moisture 
•- % of available moisture in the nutrition zone 
•- % roots < 1 mm 
•• % roots > 1 mm 
3 
•• % particles < 0.016 mm (=- x % clay) 
-• %pore space 
•• No. of observation plot 
•• straw mulched 
• clean cultivated 
•• sod 
•- coercropped v 
D£ WATERHUISHOUDING VAN EEN GOEDE MIDDELLAND KREEKRUGGROND 
BEPLANT MET SCHONE VAN BOSKOOP M i l (VERGEL'JK PROEFPLEK 17) f ig. I 
Pro«fpltl<1l 
* i \ *h %> 
1950 
\ % % *<l *i * " ; % B ' 
1953 1954 
DE WATERHUISHOUDING VAN EEN SLECHTE OUDELAND POELGROND 
BEPLANT MET SCHONE VAN BOSKOOP M I (VERGEl'JK PROEFPIEK « ) 
f _ . I 
Protfplek 17 
inmm I I ' ' ! I ! ! » I I .: I I. I I K) | I I I I I 
nMrslag l-i-Avtrdamping I f\ 
•100 1—•—-r | t j \ ± - / i TT t A ' f / ' A n T W > 
i l l I LL-PM ' I M L T L M J - I I I 1 rLLL^L 
•
io
°T"_~'tt"']i:s:~"" t/j"kit i ~ grondwaterstandf j ' ^ 7 X / j j ^ %J 1 
cm-mv I I I 1 1 
1M- i l l 44 - -4-- I - ' - -
i!0 ! 4 2
 • ji-rrn rtipW-mkos* -mfih 4- -
 T i — ^ I V t ; 
40 :i-.t+4"r^Ii^.i-jiLt-T-N^^-Ui-- -U-t:f>C 
°"
J0




0° • " : :x t : i ±:::::_:tj±i"' 
40
 -+ " i "•""I'TT i ~ "I '"*" T 4 M r 1"""' 
t M l 
—
t
—^"FTT—• - * n 
i 
1 n .-'-- . . . . ! 




 in _. _ - . . ..... _, 40 - 4-+ -j-
pF1 votgtns ttnsimitw , 
1 ~ - j - -




a l l - 1 i 
' r T 1 
1T 1 r r T~tu 
J . \ j - f 
inn T!\-V Z' i ~f^/J T~VS 
i. urvn , i . . ! r .. T 
„ M I | j i: | m j 1 7 | . | 
«. I T M V 1 t 1 I X I r X i Li i ' • ! 
n M i . i J . i I i i T i 1 1 i i . . i ' . i i 
LH! I | 1 M I L M M _____ 7*1 " ^" tAr t^ 'VTr 
- f 1 1 \ L ^ / l \ i ' n«trslag ilk_vMTTO_ir i 
1 : g:.:-:.:--::---:: j 
/ ^ v i / " v \ / 1 . ' 
T "v f t tX - --1 
T" "T ~ "" "' # 
T ' ~f 
^ l - j — - j | "t f f"? ^ J S S 
i x / i f x i f xxxx : 
i "T I L | 4 ! 43 
4_ _1L I 
_£_=«•*- r3~-S<44I ^  " f P ^ t t f T ' 
t 1 1 44- I 1 * 5 
4X - i i i t — - " 
4T:^:t:{::::-::::t---9-5 
t_ t_ IX _ _ , 
. ~r ^ . . - ^ . ^ i i — . ^ 
—r | T>S>-
" ^ " M " 
X X l 
x: j t 
-44_ 4- __ . 
i i 
44Jf--"^it " ! 
jL__Isk£_->__ t 
-^- ^ 









































































1950 1951 1952 1953 1954 
OE WATERHUISHOUDING VAN EEN OOEDE NIEUWLANO SCHORGRONO 
BEPIANT MET SCHONE VAN BOSKOOP (VERGEL'JK PROEFPLEK 29) 




xhihbobr vdc! it in Urn vcwdin^nor* 
V V % B<i V V % *i' V V % S 
1950 1951 1952 1953 
*S % % % ""i 
1954 
DE WATERHUISHOUOING VAN EEN SLECHTE NIEUWLANO PLAATGROND 
BEPIANT MET SCHONE VAN BOSKOOP Z (VERGELUK PROEFPIEK 2») 
figs 
Protfpltk 29 
'<i V V % "s 
1954 
DE WATERHUISHOUOING VAN EEN GOEOE NIEUWLAND SCHORGROND MET STORENDE 




DE WATERHUISH0UDIN6 VAN EEN SLECHTE NIEUWLAND PLAATGRONO 
BEPLANT MET SAINT REMV 2 ( VERGEL'JK PROEFPIEK 2 * ) 
f ig. S I 
Pro . fp l tk 25 
1950 
11 I IJ i 'J I H i IJj i l , J jJUJi l l iJ V V % V \ V % «S *H %, % 
1954 
fig. VII 
DE WATERHUISHOUDING VAN EEN VERJONGDE POELGROND MET ZEER HOGE GRONDWATERSTAND 




DE WATERHUISHOUDING VAN EEN VERJONGDE POELGROND MET HOGE GRONDWATERSTAND 
BEPLANT MET ZOETE ERMGAARD Z (VERGEl'JK PROEFPLEK 1 ) 
Protfplsli 2 
> *"» " i D l B,7 S> 
1950 1951 «i % % % 'S 1954 
fig. IE 
DE WATERHUISHOUDING VAN EEN MATIG GOEDE TE DIEP ONTWATERDE OUOELANO KREEKRUGGRONO 
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OE WATERHUISHOUDING VAN EEN GOEDE ONTZANOE OUOELAND KREEKRUGGROND 
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fig H a 
DE WATERHUISHOUDING VAN MATIGE TOT GOEDE NIEUWLAND-PLAAT-EN SCHORGRONOEN ONDER INVLOED v.d. BODEMBEHANDELING 
prottpith i . n . m . BEPIANT MET PRECOCE OE TREVOUX Z n k w 
'V V % '*<i' V V % ""•' 
fig l i b 
OE WATERHUISHOUDING VAN MATIGE TOT GOEDE NIEUWLAND-PLAAT-EN SCHORGRONDEN ONOER INVLOEO v.d. BODEMBEHANOEUNG 
BEPLANT MET PRECOCE DE TREVOUX Z «n kw 
Protfplck JL.JZ 




OE WATERHUISHOUDING VAN EEN GOEDE 2WARE NIEUWLAND SCHORGRONO ONDER INVLOED VAN DE BOOEMBEHANDELING 
Praifplrtt 57,58,59 BEPLANT MET PRECOSE DE TREVOUX KW 
1950 
- protfpl«fc57;Strob«d«kking 
•• 58;Zwort gthoudan 
57;grosb«gro*iing 
V V V % °<i 
1954 
fig mi 
OE WATERHUISHOUDING VAN EEN GOEOE VOCHTIGE OUIriGROND ONDER INVLOED VAN OE BODEMBEHANDELING 
BEPLANT MET TRANSPARENT OE CRONCELS 2 


































r = r * » ~ 
1953 
- procfplak 60;strobtd«kking 
- 61iZwort gchoudtn 
•* 62;grosb«gro«iing 
1954 
DE WATERHUISHOUDING VAN EEN MATIG GESCHIKTE VRU OROGE DUINGROND 
BEPLANT MET BRAMLEY'S SEEDLING Z »n YELLOW TRANSPARENT Z 
f i g m 
Pnwfplek 63,64.65 
1952 
I j ' •Hobtschikboot yotht ln(i»>otd|nj|g<jn«lp-4Ptm-mv) 
1953 
procfpltk 63; strobed tkking 
64: zwort gthoudarr 
65 ;grasbff growing 
19S4 
SOIL MANAGEMENT IN FRUIT CULTURE 
SUMMARIES 
3«3 
SCHEME OF CONTENTS 
VOLUME I page 
Chapter i INTRODUCTION (Dutch text) i 
Chapter 2 THE INFLUENCE OF SOIL WATER MANAGEMENT AND ROOTING HA-
BIT ON FRUIT TREES (Dutch text) with graphs en pictures . . 8 
SUMMARIES of Chapters i and 2 (Dutch text) 156 
LIST OF LITERATURE quoted in Chapters 1 and 2 166 
VOLUME 2 
Chapter 3 THE INFLUENCE OF CHEMICAL SOIL PROPERTIES ON THE FRUIT 
CROP (Dutch text) 181 
Chapter 4 THE PRACTISE OF SOIL MANAGEMENT IN FRUIT CULTURE (Dutch text) 248 
SUMMARIES of Chapters 3 and 4 (Dutch text) 273 
LIST OF LITERATURE quoted in Chapters 3 and 4 281 
VOLUME 3 
LIST OF TABLES (Dutch text) 301 
TABLES (partly enclosed as appendices) 305 
FIGURES I-XV (partly enclosed as appendices) 361 
LIST OF TABLES (English text) 385 
SUMMARIES of all Chapters (English text) 389 
FIGURES T I - T 4: Symptoms of injury caused by a high groundwater table. 
Apple Jonathan (enclosed as appendix) 
LIST OF ABBREVIATIONS 
mv = soil surface 
cm = centimetre = 0.39 inches 
m = metre = 3.28 feet = 1.099 yards 
ha = hectare = 2.47 acres 
g = gram = 0.035 ounces 
kg = kilogram = 2.2 pounds 
dpm = ppm = parts per million 
ds = dry matter 
m.f.b.b. = metres of fruit bearing branches 
385 
LIST OF TABLES 
Tabid Pag' 
la* Soil properties ofthe standard collection ofsoilsjromthe south west of the Netherlands . . . — 
1 b Influence ofpretreatment of the soil sample on the moisture characteristic 305 
lc Wilting points of different plants 306 
2 Root distribution in normal profiles of the sea clay region for apple and pear 306 
3 Rooting intensity of apple and pear 307 
4 Moisture distribution in the pots used for the experiment on the influence of soil moisture content on 
shoot growth of rootstocks 308 
5a Relation between shoot growth of apple and pear rootstocks and soil moisture status . . . 309 
5b Chemical analysis of plants grown in the experiment dealt with in table 5a — 
5c Carbondioxide content in the soil air of pots grown in the experimant dealt with in table 5a . 310 
6 Relation between shoot and root growth of apple and pear rootstocks and the percentage of available 
soil moisture 310 
7 Relation between shoot and root growth of apple and pear rootstocks and soil moisture tension . . 311 
8* Reactions ofCox O.P.IM XI trees in pots on soil moisture status — 
9 Soil moisture content in field experiment with Lombartscalville MIX 312 
10 Comparison of climatic factors in 1953 (normal summer) and 1954 (rainy, cool summer) . 312 
11 Number of nights with a dew cover on grass 312 
12a Shoot growth of apple root stocks in relation to soil moisture content in different periods of the season 313 
12b Magnesium deficiency symptoms and KjMg ratio in the leaf in relation to soil moisture content in the 
experiment belonging to table 12a 314 
12c Shoot growth in relation to soil moisture content. Summary of results of table 12a . . . 315 
12d Analysis of variance of data table 12a 315 
12e Root grow thin relation to soil moisture content in different periods of the season (the same trial as 
given in table 12a) 316 
12f After effects ofsoil moisture status on shoot growth ofrootstocks in thefollowing year . . . 316 
13 Shoot growth of rootstocks in relation to frequency of fluctuations in the soil moisture content . . 317 
14 Ibidem table 13. rootstocks M IX and M XVI 318 
15 Ibidem table 13, growth of Cox 0.P. trees 319 
16a Growth of rootstocks in relation to moisture content of the topsoil. Chemical soil analysis . . 320 
16b Ibidem 16a Plantgrowth 320 
16c Chemical leaf analysis plants of experiment dealt with in table 16a 321 
17 Nitrogen nutrition and growth of rootstocks in relation to soil moisture content in sandy silt loam 321 
18a Performance of the Golden Delicious apple MII in an experiment concerning soil management on a 
good profile in the sea clay region 322 
18b Ibidem label 18a 323 
19 Yield of lucerne in relation to ground water level in a silt loam 324 
20 Height of „fast capillary zone" and „zcne with equilibrium soil moisture tension" . . . 324 
21* Actual tensiometer-(T) and equilibrium (E)- soil moisture tension in observation plot 24 . . — 
22 Capillary rise in orchard soils 325 
23 Calculation of the capillary rise in two schematic soil profiles 326 
24 Percentage of roots in relation to volume of air in deeper layers of the rooting zone . . . . 326 
25a* Experiment with the Jonathan apple M XVIconcerning high ground water tables in pots . . — 
25b* Ibidem table 25a. Chemical soil analysis — 
26 Groundwater level in orchard soils in relation to groundwater level in a standard profile for a 
hydrological homogeneous region 327 
27 Carbondioxide content of the soil air under sod as related te precipitation 328 
28 Comparison of root distribution of fruit trees in 2 opposite sides of a trench made for root studies 329 
29* Ibidem table 28, in 4 directions — 
* Numbers marked with an asterisk refer to tables enclosed at the end of this volume as appendices 
3»6 
Table Page 
30* Root distribution of fruit trees in radial direction — 
31 Significance of data concerning pore-volume 330 
32* Significance of data concerning soil moisture content (by weight) — 
33 Soil moisture content near and at greater distance from a tree 331 
34 Significance of data concerning soil moisture content (by volume) 333 
35 Tensiometer readings at different points within an observation plot 333 
36* Daily course of tensiometer readings — 
37 Significance of % of soil air (by volume) 334 
38 Fruit diameters at several observation plots 334 
39 Carbondioxide content of soil air 335 
40* Important data of observation plots in clean cultivated orchards — 
41* Some important data of observation plots in clean cultivated orchards — 
42* Data of observation plots in arable land — 
43* Important data of observation plots with a differentially treated soil — 
44 Quantity of grass roots in relation to mowing frequency 336 
45 Evaporation of open water at the soil surface according to Penman 336 
46 Relative evaporation at different places 336 
47 Percentage of precipitation reaching the soil surface under fruit trees compared with precipitation 
in the open field 337 
48 Average evapotranspiration of orchard 337 
49* Quantities of drainage in orchard soils — 
50 Evaporation of bare soil in orchard 338 
51 Evaporation of sod in orchard and in the open field 339 
52* Ratio: evapotranspiration of clean cultivated orchardjevaporalion of open water ace. Penman . — 
53 Average values for precipitation, evaporation of open water and evcpi-transpiration of orchard 340 
54* Significance of data concerning leaf analysis — 
55* Extremes in the leaf contents of some elements in apple and pear — 
56* Extremes in the contents of various elements in Morgan's soil extract — 
57 Leaf nitrogen content in relation to magnesium deficiency 341 
58* Reaction of rootstocks on JV fertilization and kind of cover crop — 
59 Correlation coefficients for fac tors related to iron deficiency 342 
60* Constants of the Freundlich adsorption formula applied to the uptake of some elements . . . — 
61a* Reactions of rootstocks to different fertilizers and soil moisture conditions — 
61b* Ibidem table 61a. Chemical leaf analysis — 
61c* Chemical soil analysis pot experiment dealt with in table 61a . . . — 
62* Solubility of magnesium from different minerals and mixtures of minerals — 
63 Absorption of elements by apples in relation to the calcium and phosphorus content of the soil. 
Contents of the Freundlich formula 343 
64 Absorption of elements by apple in relation to the calcium and manganese content of the soil . . 344 
65 Chemical leaf analysis in relation to soil management systems 345 
66 Chemical leaf analysis in relation to soil management systems 346 
67a Reactions of rootstocks to cover crops 347 
67b Ibidem table 67a. Chemical leaf analysis 348 
67c Chemical soil analysis of experiment dealt with in table 67a 349 
68 Partial correlation coefficients of the principal soil factors inducing iron deficiency . . . 350 
69a* Reactions of rootstocks to C02-injection in the soil air — 
69b* Ibidem table 69a. Chemical leaf analysis — 
70 Soil temperature in relation to soil management 351 
71* Soil factors in relation to zinc deficiency — 
72 Contents oj some elements in drain water of orchard soils from the south west of the Netherlands . 352 
* Numbers marked with an asterisk refer to tables enclosed at the end of this volume as appendices 
3 8 7 
Table Page 
73 Average losses from several orchard soils by drainage 353 
74* Chemical soil properties in relation to fertilization — 
75 Ibidem table 74 353 
76 Ibidem table 74 354 
77* Contents of some elements in different parts of fruit trees — 
78 Permanent losses of elements from orchard soils 355 
79 Permanent losses of elements from orchard soils ace. other authors 356 
80 Permanent losses of elements from orchard soils in the SW of the Netherlands . . . . 357 
81 Ratio of KjMg in orchard soils in diverse fruit growing areas studied 358 
82 Chances of the appearance of zinc and iron deficiency due to phosphorus and line content of 
orchard soils 357 
83 Sequence'n results obtained by soil management practices according to different authors . . . 359 
* Numbers marked with an as'erisk refer to tables enclosed at the end of this volume at appendices 
3§9 
SUMMARY 
CHAPTER i. INTRODUCTION 
According to American usage ,,soil management" includes all measures that can be 
taken to maintain or to improve the productivity of the soil. Consequently soil mana-
gement is made up of the following practices: soil drainage, irrigation, culture of cover 
crops or swards, mulching, cultivation, manuring, etc. 
At first, modern fruit Culture aimed at a more or less perfect clean cultivation, because 
this system of management yielded better short term results than permanent swards. 
In the long run however clean cultivation gave inferior results. During the last decades 
a great number of investigations have been carried out to find soil management 
systems which are satisfactory both in short and in long term results. This dissertation 
is intended to contribute in the finding and judging of new soil management systems. 
A soil management system is defined as a series of regularly repeated measures to 
maintain a soil in a productive state. 
Although the costs of soil management amount only to a modest percentage of the 
total costs of fruit growing (9-12 % for pome fruits, 14-25 % for small fruits) their 
profits may sometimes be considerable. 
The importance of a good soil management, including measures before planting an 
orchard, is increasing as fruit culture is intensified by more modern cultural practices. 
A good assessment of soil management systems can only be made after prolonged 
fields trials. Such trials are very expensive. Therefore we aimed at finding or producing 
standards for the judgement of the soil and crop so that after a shorter term an im-
pression can be obtained of the ultimate results of a certain soil management system. 
CHAPTER 2. THE INFLUENCE OF PHYSICAL SOIL 
PROPERTIES ON THE FRUIT CROP 
For a right appreciation of the influence of soil management on fruit trees the principal 
reactions of fruit trees to the water and air contents of the soil are described in chapter 
2.1. In chapter 2.2. the influence is traced of soil management on the course of the 
„water and air contents of an orchard soil" * 
These investigations (in 2.2.) were also performed to control and supplement the 
views given in 2.1. Therefore the reactions of the fruit trees to the differentially 
treated soils were observed at the same time. The relations between the water manage-
ment of orchard soils and factors concerning weather and soil type will be described 
in 2.3. 
2.1 The influence of soil water management and rooting habit on fruit 
trees 
After an introduction of some units for soil moisture-in 2.1.1.1.-the limits for the soil 
moisture status in the field are described-in 2.1.1.2.-. The field capacity, as the upper 
1
 Due to the predominant influence of the water content, this will be abbreviated to ,.water 
management of the soil". 
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limit in the field moisture content, usually equals a pF = 2.0 (determined by the 
apparatus of Donath) in soil layers at a greater distance than 50 cm over the soil water 
table - fig. 1 ~. 
The lower limit of the field moisture content in relation to plant growth, the wilting 
point, is chosen in the middle of the wilting range of the test plants - fig. 3, 4 and 11 
and table 10 - . Unlike the field capacity, the wilting point (pF = 4.2) could, in a 
satisfactory way, be calculated from the humus and clay contents for the soils 
described - table 1, fig. 2 and 5 - ; 
P.W.P. = 0.15 p + 1.10 h + 3.69 
P.W.P. = permanent wilting percentage 
3 
p = % particles < 0.016 mm <*< - X % clay 
h = % humus 
No such close relationship was found for the moisture content determined at a pF = 
3.3 (2 atm) - fig. 6 - , probably due to the influence of soil structure. 
Some soil moisture characteristics are presented in fig. 7 for soils described in table ia. 
The apparatus used for determining the characteristics is described in [9] and fig. 8 
and 91. The course of the moisture characteristics can be shifted slightly. A prolonged 
pre-treatment of the soil sample under wet conditions causes a shift to higher moisture 
contents at a given soil moisture tension. The reverse holds true for a dry pre-treat-
ment - table ib, fig. 10 - . These phenomena, distinct from normal hysteresis, may be 
called long term hysteresis. Soil moisture tensions measured in the field by tensio-
meters will usually be lower than those made in the laboratory on samples of the same 
soil with the apparatus of Donath - fig. 10 - . This is brought about by the slow and 
imperfect adjustment of the tensiometer. 
The available soil moisture, the moisture content at field capacity minus the moisture 
content at the wilting point, shows a faint maximum in the soils containing 25-30 % 
particles < 0.016 mm (that means ca 16-20 % clay). This maximum is about 22-25 % 
of moisture by volume (17-18 % by weight). 
After a short description of drought symptoms - [11], fig. 11 and 12 - the influence on 
tree performance of the rooting habit of fruit trees on several rootstocks and on 
diverse profiles is discussed - [12] - . The conceptions ,.rooting zone" (containing 
> 90% of all roots < 1 mm) and ,.rooting intensity" (the average number of roots 
< 1 mm per m2 in the vertical plane in the rooting zone of a fruit plantation) - table 
3 - are introduced. The normal root distribution in the studied soil profiles is given in 
table 2. About one half of all thin roots occur in the topmost 40 cm of the soil. 
A number of experiments with rootstocks and fruit trees have been carried out to stu-
dy the influence of soil water management on growth. The contradictory opinions on 
the availability of the ,.available" soil moisture [14] and [15] gave motives to perform 
these experiments. From trials with rootstocks growing in soils with a confined 
variation in moisture content it can be concluded that a high moisture content is 
1
 Numbers in [ ] refer to sub-paragraphs in the text. 
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required during the period of the growing season in which the greatest part of shoot 
growth occurs - tables 4-7, fig. 13-18 - . The optimal soil moisture status for shoot 
growth in the sandy loam soils in our experiments was at an average moisture content 
of 70-80 % of available moisture, at an average pF of 1.9 - 2.3 (determined by the ap-
paratus of Donath). 
These values may be influenced by the kind of soil and the weather prevailing during 
the experiments. In wet soils (generally containing less than 10 % of air) growth is not 
much weaker initially but lags behind more and more as the season progresses - fig. 
15 and 16 -. 
The influence of soil moisture content on fruit growth was far smaller than on shoot 
growth. The maintenance of a high soil moisture content during the most susceptible 
period in fruit growth, 1-2 months before the fruit is harvested, only increased the 
crop by about 10 % - fig. 26-29 ~- 1° t r i e event of a fruiting tree wilting, fruit growth 
will almost completely be stopped and loss in fruit size will not be made up during a 
following period of tree recovery. After a season with periods of wilting, great de-
pressions of the fruit crop can be expected - fig. 11,12 and 30 - . Comparisons of growth 
of individual fruits on differently treated trees can only be made on fruits possessing the 
same initial fruitsize (diameter or weight)-fig. 21, 22 and 23 - and of fruit trees bearing 
a similar crop - fig. 24 - . To compare crops from trees of (not too much) varying size, 
all crops were calculated in kgs per m of fruit-bearing branch (yield/meter of branches 
grown in the preceding year or years, except big branches without spurs and branches 
shorter than 15 cm.). 
With respect to plant growth in a susceptible period, a frequently changing soil moisture 
content was inferior compared with a soil moisture status with a small number of va-
riations of the same amplitude - [20], fig. 32-34, table 13-15 - . 
Obviously, on account of the intensive rooting and wealth of available plant nutrients 
occurring in the top soil, an optimal moisture status in these soil layers is of paramount 
importance for plant performance. Based on data on rooting intensity and on content 
of plant nutrients we considered the top soil as occupying a depth of 40 cm. A special 
name for this zone ..nutrition zone" is introduced. When the nutrition zone has dried 
too much, although the subsoil may still possess an optimal moisture status, plant 
growth will already be considerably retarded - [21] - . 
Moisture transport from moist soil layers below the nutrition zone is too slow usually 
to prevent the wilting of plants in a nutrition zone which has dried out to the wilting 
point. Nitrate uptake especially seems to be impeded in a dry soil - fig. 35, tables 
16-18 - . 
In general, a soil may be dried a little below the optimal moisture content for shoot 
growth (short term) before potassium and nitrate uptake by plants is affected - tables 
17 and 5 - . 
In many soils used for fruit growing in the Netherlands a considerable part of the total 
moisture consumption of the fruit crop is furnished by capillary rise of ground water -
[22], table 19 - . An impression of the height of the zone in which capillary rise of 
ground water is important will be given by the height of the so-called ,,fast capillary 
zone" and ,,zone with equilibrium moisture tension". In the ..fast capillary zone" the 
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change of water content with height above the water table is the same during summer 
and winter - fig. 36-39, table 20 -. In the „zone with equilibrium moisture tension" soil 
moisture tension in each soil layer over the ground water is entirely dependent on the 
distance from this layer to the ground water level - table 20 and 21, fig. 40 -. In the 
cases studied the equilibrium moisture tension extended to a rather greater height 
above the water table than the fast capillary zone. In profiles where a considerable 
capillary rise of ground water to the rooting zone is desired, the ground water level 
should not sink deeper than the average height of the aforementioned zones below the 
root zone. 
A more precise impression of the capillary rise in some areas was gained by calculating 
this moisture transport - [25] and [26] - . For these calculations approximate data for 
the capillary conductivity - fig. 41 and 42 - were available. In one calculation-[25] 
and [26] - an observed soil moisture status was taken into account - table 22 - . 
In the other case [27] the optimal moisture content in the middle plane of the rooting 
zone and a moisture consumption proportionate to the rooting intensity in the vertical 
plane was assumed to exist - table 23 - . Moreover, a small amount of evaporation is 
assumed. From these calculations it can be concluded that a capillary rise of > 0.1 
mm/day will occur to a somewhat greater height than that of the zone with equilibrium 
moisture tension. When the second calculation is performed a required ground water 
level can be calculated, necessary for a desired capillary rise and moisture tension at 
a certain plane in the rooting zone. 
The depth of the rooting zone is, to a marked degree, restricted by high groundwater 
tables during spring and summer - fig. 43 and 44 - . The higher percentage of air in 
deep soil layers generally coincides with a higher percentage of deep rootlets - table 
24-. From pot experiments with controlled ground water levels and from observations 
in the field it can be concluded that a high ground water table (i.e. one occurring 
within the rooting zone) during the winter does very little harm but during the warm 
summer season can cause serious injury - fig. 45-47, table 25a - . Since a high corre-
lation between symptoms of root drowning in fruit trees - fig. Ti - T4 - and data from 
the inorganic chemical soil analyses - table 25b - could not be found, it is suggested the 
rapid decline of trees suffering from a high ground water table during the summer is 
caused by the accumulation of unidentified organic toxins under reducing conditions, 
conveniently indicated by the amount of ferrous iron in the soil. 
The tetrazolium test makes it possible to discern between living and dead roots in 
spring and to forecast the following damage in the summer - fig. 48 - . 
2.2 Water management in a series of orchard soils in the South west of 
the Netherlands 
In the first place water (and air) management in a series of orchard soils on differing 
soil profiles (,,observation plots") and the corresponding reaction of the fruit trees on 
these profiles are described and discussed - 2.2.1. - . 
Methods applied in gathering data concerning soil and crop are discussed in [35] -
[37]. The tables 26-39 and fig. 49-51 give an idea of the significance of these data. The 
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fruit production on these observation plots is presented in two differently calculated 
quantities [35]. 
1. The „real yield" (in kg/ha) average yield per tree (kg) x 10 000 
distance of trees within the row (m) x distance 
between the rows (m) 
2. The ,.adjusted yield" (in kg/ha) = average yield per tree (kg) x 10 000 
average diameter of tree head along the line 
of the row (m) x average diameter of tree 
head across the row (m) 
An ,,adjusted yield" usually gives a better idea of the production capacity of an 
individual plot than the „real yield". 
Orchards which have been planted with too great distances between the trees, have a 
low ,,real yield". Although a normal production could have been given had the trees 
been planted more densely. Plots in a mixed plantation which are planted too densely, 
where mutual interference between trees occurs, have a too high „real yield". Had the 
trees been planted at a right distance apart the production could be somewhat better 
than the ,.adjusted yield", because the better exposure to sunlight will give a higher 
production than in a close plantation. 
The averaged soil moisture status is presented in two units [37]: 
1. The ..rooting weighted average percentage of available moisture", which gives an 
average of all percentages of available moisture in the rooting zone, every percentage 
being weighted according to the percentage of roots occurring in the layer to which the 
moisture percentage refers. 
2. The ..average percentage of available moisture in the nutrition zone" which is the 
average of the percentages of available moisture in all soil layers from 0-40 cm below 
the surface. 
We prefer the latter unit as an indication of the average moisture status in relation to 
plant growth because it gives greater weight to the nutrition zone; in the majority of 
the Dutch fruit growing areas it appears that soil moisture may be primarily important 
by its effect on nutrient availability. 
The situation in a series of fruit plots is described in 2.2.1.4. and 2.2.1.5., tabulated in 
the tables 38-42 and depicted in fig. 52-59 and I-X. 
Possibly, on account of the limited number of available plots and restricted number 
of observation years, it was not possible to establish a causal relation between tree 
production and soil water management; tree production, never the less, gives some 
indication of the influence of the water management. 
Fruit production as well as the production of arable crops was reduced, both on dry 
and on excessively wet soil profiles - tables 40-42, fig. I-X - . 
Dry profiles generally bear thin fruit plantations. The small trees on these profiles are 
a consequence of all preceding influences of dry seasons. These thin plantations give a 
low real yield. From data on the yields from densely planted dry soils, it can be con-
394 
eluded that the higher adjusted yields for the dry plots can be readied in normal 
seasons, provided a sufficiently close planting of trees is chosen. In practice the 
adaptation of planting distances to soil profiles often causes great trouble on account 
of the capricious changes of the soil profile within a parcel of land. 
In very dry years (when trees wilt) even a dense plantation on dry soils yields in-
sufficiently. 
The majority of dry fruit plantations in the south west of the Netherlands are situated 
on the so-called ,,plaat soils" which consist of a sand body covered by a shallow layer 
(40-60 cm) of sandy loam or clay. The shallow rooting on these profiles, brought about 
by non-penetration of roots into the sand, caused great fluctuations in the soil moisture 
status, a lower average moisture content especially in the nutrition zone and conse-
quently a lower yield. Whenever the sand is mixed with clay, e.g. by deep ploughing, 
roots penetrate to a greater depth and tree performance will be better. 
In dry soil profiles the rooting zone is usually too shallow. A good rooting depth in the 
sea clay regions is 0.80 cm or more. 
The depth of the rooting zone in good profiles is connected with the ground water level. 
The latter sinks from roughly 50-70 cm in the early spring to 1.50 m or deeper in the 
autumn. In the good profiles situated on the dune sands a smaller fall in the ground 
water level occurs. Starting from the spring the moisture content in the top soil de-
clines first, whereas the subsoil dries later in the summer and to a smaller degree. After 
the middle of July, rainfall increases and evaporation decreases. These climatic factors 
cause an increase in the average moisture content in the topsoil after the first half of 
July. Meanwhile the subsoil dries out more and more until these layers are reached by 
the autumn rains. 
In good soils the rooting weighted average percentage of available soil moisture 
declines during the period of shoot growth from April - July to a value of 70-60 °0 . 
Later in the season lower percentages will be reached. Fruit growth, which continues 
after July, is not very susceptible to low moisture contents provided wilting point is 
not reached. Consequently these low moisture contents at the end of the season will 
not depress yield. 
The average percentage of available moisture in the nutrition zone in good profiles 
will scarcely drop to 50 % in the period from April to July. According to tensiometer 
readings the pF, at a depth of 30 cm will not reach a value of 2.5 in good profiles in the 
period before mid-July. 
During the growing season more than 10 % of air will always be present in the nutrition 
zone. Deep layers contain no roots if the air content does not exceed 5 % at any time 
during the season. 
Apart from measures by which water per se is transported, the following measures 
appeared to exert the greatest influence on the water management in the observation 
plots: 
1. Permanent growing of grass. 2. Permanent mulching - 2.2.2.1. table 43, fig. 61-64, 
XI-XIV -. 
Compared with clean cultivation a permanent sward exerts an unfavourable and 
mulching a favourable influence on the moisture status of the whole rooting zone, but 
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especially of the nutrition zone. In experimental fields it was shown that mulching 
brings about higher yields, while a permanent sward leads to lower yields - [47] and 
[48], table 43 and iSb - . Whenever the nutrition zone is kept moist, e.g. by sprinkler 
irrigation, a similar result is obtained as by mulching - [48], table 18a -. 
In good soil profiles under a mulch the rooting weighted averaged percentage of 
available moisture was not reduced below values of 80-90%, while the average per-
centage of available moisture in the nutrition zone did not fall below values of 70-85 % 
in the period of main shoot growth. Under a permanent sward, however, the rooting 
weighted averaged percentage of available moisture was reduced to 50-75 %, while the 
average percentages of available moisture in the nutrition zone declined to 35-50 % in 
the period before mid-July. On wet soils with a low airpore space, or spring water in 
the subsoil, a mulch may be harmful, because it causes a shortage in soil air. In ad-
dition a higher carbon dioxide content may result - table 39 - which can lead to 
iron chlorosis-3.3.1.2. - . Frequent mowing of a sward causes shallow rooting of the 
grass - table 44 - but hardly changes the moisture status in the nutrition zone. So it 
hardly reduces the grass competition with the fruit trees. 
A frequent shallow cultivation of the soil also had a small influence on the soil moisture 
content. 
An attractive cover crop will grow in the period from the end of July until the end of 
March. It will not compete with the fruit trees in the important period of April-July, 
while competition later in the season will seldom be harmful. 
2.3. The relations between climatic and soil factors and the water mana-
gement in orchard soils 
2.3.1. Water uptake from the soil 
The interesting relation between water uptake by plants and evaporation of open 
water led to a study of the evaporation of open water in the field and in an orchard -
2.3.1.1., tables 45 and 46, fig. 65 and 66 - . 
At the same places the precipitation was measured - 2.3.1.2., table 47, fig. 67 and 68 - . 
Water uptake for monthly periods was calculated - 2.3.1.3. - from balance sheets 
drawn up for the majority of the observation plots already mentioned in 2.2.1.4. 
Plots which had deep water transport were excluded. 
On the balance sheets the evapotranspiration was determined from the rainfall and 
change in soil moisture content. The loss of ground water from mid-February until 
mid-April was not included as evapotranspiration, because this water normally is lost 
by drainage. According to these calculations the average water consumption by or-
chards in the south west of the Netherlands amounts to rather less than 550 mm a year. 
Consequently the quantity of drain water amounts to 140-150 mm during the winter. 
The latter amount corresponds with calculations of drainage quantities, using frequent 
observations (daily or weekly) of ground water levels and rainfall - table 49 - . Using 
loose sod pieces, a rough impression was obtained of the evapotranspiration of a per-
manent grass sward. According to these measurements the summer evapotranspiration 
of a grassed orchard was estimated as 10 % higher than a clean cultivated one - table 
50 and 5 1 - . 
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Also the ratio (evapotranspiration of a clean cultivated orchard / the evaporation 
of open water) was calculated - 2.3.1.4., table 52 - . This ratio EK/E0 was equal to 0.66 
at the beginning of the summer and later increased, reaching a value of somewhat 
upwards of 1.0. The rise of this ratio goes together with an increase in precipitation, 
an increased evaporation of the soil and cover crop and with ripening of the fruits. 
An average water uptake during the season was estimated by multiplying the average 
evaporation (open water) data by the factor Eg/E0 - fig. 60 and 70, table 53 - . 
Water uptake from the nutrition zone will oscillate between a minimum = ca 0.5 E0 
in dry periods and a maximum ca 0.75 E0 in rainy periods. The values of 0.5 E0 and 
of the total evapotranspiration in some years and places are presented in fig. 70. The 
dry spring and rainy summer cause an initial drying and later a remoistening of this 
important zone. The average values again underline the importance of soil mana-
gement measures by which a sufficiently high moisture content is maintained in the 
spring and early summer. 
2.3.2. The Optimal Groundwater level 
In the last paragraph of chapter 2, a calculation is presented to fix the optimal ground 
water level for soil profiles where the ground water can contribute to an optimum soil 
moisture status in the rooting zone. These calculations are significant because an 
important percentage of Dutch orchards occupy soil profiles in which a marked con-
tribution of ground water is made to the rooting zone. 
An optimal ground water level aims at an optimal moisture status in the nutrition 
and rooting zone, while a reasonable depth of the rooting zone must be assured. To 
avoid drought injury, deep rooting is highly desirable. 
When the soil moisture status can be maintained by other measures, e.g. by sprinkler 
irrigation, depth of ground water becomes of minor importance, it is preferred well 
below the rooting zone. 
For two soil profiles calculations were made to find the optimal ground water level 
for clean cultivated orchards. The profiles are, to a certain degree, schematic versions 
of real profiles in the region studied; a good sandy loam soil profile (comparable with 
observation plot 22 of part 2.2.1.) and a profile of medium quality, poor in humus, 
mainly consisting of dune sand (comparable with plot 63). In these calculations the 
optimal moisture status in the middle plane of the rooting zone, the vertical distri-
bution of the roots (and the assumed parallel distribution of the water uptake) and 
the capillary conductivity mentioned in previous chapters were used. Ground water 
movement other than by capillarity was supposed to be absent. 
Calculations giving the lowest permissable limit to the groundwater level are given 
for (a) an average year (b) 80 % of years and (c) 90 % of years. These calculations were 
based on soil moisture deficit values determined from the meteorological data for 
rainfall and evaporation of open water (for a period of 40 years) and the appropriate 
monthly values for Eg/E0 - fig. 71 - . 
From the calculations it can be concluded that a high ground water level to provide 
an optimal status in the nutrition zone and a satisfactory rooting depth cannot be 
achieved together. However it is possible for the first mentioned soil profile, to fix a 
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ground water level in the spring that assures a reasonable approximation of the opti-
mal moisture content in the middle plane of the rooting zone during the periods 
including the major shoot growth and fruit growth. For the second profile no spring 
ground water level can be given that allows both a sufficiently deep rooting and an 
optimal moisture status in the rooting zone. In this case the humus layers of the 
profile and consequently the rooting are too shallow. So the storage capacity of the 
soil within the reach of tree roots is inadequate. 
The optimal or approximately optimal ground water levels for the spring in these soil 
profiles, respectively 70 cm and 40 cm below the surface, require an intensive drainage 
of the soil to avoid root drowning of the trees in periods of high rainfall. 
For other fruit growing areas of the Netherlands the calculated ground water level 
will be somewhat deeper, as rainfall is smaller and evaporation somewhat greater in 
the south west. 
CHAPTER 3. THE INFLUENCE OF CHEMICAL SOIL PROPER-
TIES ON THE FRUIT CROP 
In chapter 3 a study of the influence of soil management on the appearance of nutri-
tional disorders is dealt with. The scarcity of good experimental fields for studies 
concerning the direct influence of soil management on fruit production led us to study 
first the influence on the easily visible or analysable nutritional disorders in fruit trees. 
It can be assumed that a relation exists between fruit production and the appearance 
of a nutritional disorder. When these relations have been established it will be possible 
to translate the occurrence of nutritional disorders into losses in production. Provi-
sionally we assume the highest productivity to occur in trees that appear to be healthy. 
The following disorders have been studied: nitrogen deficiency, magnesium deficiency, 
iron deficiency (chlorosis) and zinc deficiency. These deficiencies were selected, either 
because it could be expected that a considerable loss would follow their occurrence, or 
because little was known about the causes of their appearance. 
The deficiencies in magnesium, iron and zinc have been appraised mainly by visual 
symptoms. Nitrogen deficiency, which could not be studied in detail, has been eva-
luated by leaf nitrogen content. 
3.1. Leaf and soil analyses 
Chemical leaf and soil analyses have been used, whenever possible, to support diag-
nosis by visual symptoms. By these analyses the influence of soil management can be 
assessed earlier and more exactly. An idea of the range of results obtained and a com-
parison of the analyses are given in tables 54-56 and fig. 73-80. 
In judging leaf contents of essential mineral elements the course of these contents 
during the season should be taken into account - fig. 73-74 - . Also soil contents in 
mineral elements may be variable, e.g.the nitrate content usually shows a distinct 
course during the season - fig. 80, table 18 - and iron and aluminium contents increase 
during prolonged wetness of the soil - table 25 - . 
39« 
3.2. and 3.3.1. The relation between crop, soil nutrient and moisture status 
and the appearance of nutritional disorders in fruit culture. 
Magnesium deficiency. 
Judging by the appearance of magnesium deficiency the relation of the potassium/ 
magnesium content in the leaf should not exceed the following values - fig. 81 - (in 
other words the ..maximum K/Mg ratios" are): 
for Cox O.P (apple) K/Mg (in mg Aeq) 2.5. K.20/MgO (by weight) 5.9 
for Sch. v. Boskoop (apple) K/Mg (in mgAeq) 2.5. K20/MgO (by weight) 5.9 
for Jonathan (apple) K/Mg (in mgAeq) 2.2. K20/MgO (by weight) 5.2 
for Bonne Louise d'Avranches (pear) K/Mg (in mgAeq) i.55.K20/MgO (by weight) 3.7 
At the same time a percentage of Ca (as % of the total K + Mg + Ca contents of the 
leaf) equal to 65-70% for Cox and Boskoop and to 70-75 % for Jonathan should be 
present to have a healthy looking crop - fig. 84 and 85 -. 
The maximum ratios of K/Mg hold for high and medium-high nitrogen contents of 
the leaf. Low nitrogen contents allow higher ratios, because magnesium deficiency 
symptoms will not appear at low ratios under these conditions. 
The ..maximum ratio" K/Mg in the soil (extract) must be differentiated for soils 
varying in lime content. Differentiation for a different pH is less satisfactory. 
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These ratios hold for moist to medium moist soils. In wet soils the ..maximum ratios" 
are lower than in dry soils - tables 125, 5 and 12 - . According to the Donnan-theory 
the maximum ratios in soils rich in nitrogen, clay and humus will be lower. In wet 
soils potassium is more ..active" whereas in high nitrogen crops magnesium will be 
less active. 
The appearance of deficiency symptoms in plants is partly prevented by the selectivi-
ty of plants with relation to deficient mineral elements. Also, at rather high K/Mg 
ratios in the soil, the ratios in the plant will not readily exceed the limits - fig. 96 -
beyond which deficiencies will appear. 
The lime content of soils is very important for the appearance of magnesium deficiency. 
In the Dutch sea clay soils, rich in dolomite, the solution of Mg C03 will be increasingly 
restricted by the presence of higher contents of CaCOj—table 62 - . 
On the other hand, it has been reported for the Dutch acid sandy soils that raising 
1
 The index ,,MV" means: the content of the element in Morgan's extract (112.5) of the soil. 
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the pH by liming improved magnesium uptake; moreover the lime itself contains 
appreciable amounts of magnesium. Also a dressing with phosphate can be favour-
able, if it is (as usually) applied as basic slag, which also contains calcium and 
magnesium. No influence of the soil manganese and aluminium contents on magne-
sium deficiency could be observed. 
Compared with clean cultivation, a sward will reduce magnesium deficiency. Grass in-
duces a decrease in the nitrogen content, a small increase in the magnesium content 
and may exert a variable influence on the potassium content of the leaf. These effects 
may be explained by the great nitrogen uptake by grass and the decreased soil mois-
ture content (especially in the topsoil). 
Cover crops exert a far smaller influence - table 66 - . 
A mulch usually induces magnesium deficiency. This effect can be ascribed to the 
increased potassium and moisture content of the soil (especially the topsoil) under a 
mulch and usually to a better nitrogen nutrition (except when the nitrogen is fixed). 
Spraying with solutions of magnesium salts reduces deficiency symptoms. A spray 
with dilute phosphoric acid, with or without a magnesium salt, accentuated the symp-
toms and depressed the magnesium content of the leaves - table 65 - . No influence of 
a urea spray could be observed - table 67 - . 
Iron deficiency 
The following soil factors are found to be correlated with iron deficiency - tables 59, 
68, fig. 97 - . 
1. A high CaMV content (in the soil extract) is unfavourable; it is positively correlated 
with iron chlorosis. Bicarbonate in the soil increases the activity and uptake of calcium. 
So a high carbon dioxide content can also cause chlorosis - table 69 - . In very moist 
soils, after a heavy rainfall, at a high ground water table, under a thick mulch cover, 
the carbon dioxide content in the soil air will be increased - table 27 - . Mobile organic 
iron compounds will be less active and a greater quantity of this iron will be exchanged 
against calcium when a high calcium content is present in the soil. 
2. A high FeMV-content (in the soil extract) is favourable. 
Compared with the extractable fraction, however, there are larger amounts of iron 
present in organic complexes, humates, chelates etc. Under moist reducing circum-
stances in the presence of organic matter in the soil more mobile iron, available for 
plant nutrition, is produced - table 25 - . The content of MnMV (in the soil extract) 
gives an indication of the degree of reduction and consequently of the quantity of iron 
for plant nutrition. 
3. A high PMV content (in the soil extract) is unfavourable. At a high moisture content 
of the soil, phosphates will be more active. Moreover the carbon dioxide of the soil is 
increased under moist conditions, which intensifies phosphate solubility. 
4. A high KMV content (in the soil extract) appears to be positively correlated with 
iron deficiency, despite the fact that potassium may stimulate the iron distribution 
within a plant. 
5. A high moisture content and a high carbon dioxide content in the soil air are often 
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positively correlated with each other and with a bad soil structure and a low humus 
content. This complex tends to increase chlorosis. 
Since an unfavourable influence of certain soil fungi is described in the literature, 
some of the factors mentioned may have an influence via a growth promotion on these 
fungi. 
The following soil factors are shown to be important in the appearance of iron chlo-
rosis (in order of magnitude) - table 68 -: 
Factors inducing chlorosis Factors decreasing chlorosis 
calcium - content of the soil degree of reduction of soil 
carbon dioxide - content of the soil air (MnMV-content) 
potassium - content of the soil 
phosphate - content of the soil 
An important part of the total chlorosis cannot be explained by these factors; other 
causes will play a part. 
A mulch, although it supplies organic matter, usually increases chlorosis symptoms. 
Cover crops, but especially swards, decrease chlorosis. Grass increases the K/N ratio 
in the plant and consequently the efficiency of iron nutrition will improve. The in-
creased K/N ratio can be explained by the lower nitrate and moisture content and 
a scarcely increased carbon dioxide content in the soil. 
Spraying with iron carbamates and chelates had only a slight beneficial influence. 
Sometimes manuring with iron chelates gave good results. 
Zinc deficiency 
The zinc content of the apple leaf at the end of June should be higher than 20 ppm. 
At lower contents deficiency symptoms can appear. Later in the season zinc content 
will increase to a small degree. 
Zinc deficiency seems to appear as the result of a combination of several factors -
table 71 - . The most prominent factor is the phosphate content of the soil. At values 
of PMV smaller than 7 and Pcitr. smaller than 60 no zinc deficiency was observed. A 
high lime content and low moisture content, especially on light sods, seem to induce 
this disorder. The influence of moisture content can best be explained in terms of 
drying of the topsoil which is rich in organic zinc compounds. Several research work-
ers shew that some microbes can cause zinc deficiency. It is conceivable that a certain 
specific environment for these organisms is required and that the aforementioned 
factors operate by their effect on the environmental conditions 
A relation with the zinc content in the soil (extract) could not be shown, possibly hv 
the complex cause of zinc deficiency. • * 
Cover crops and swards prevent zinc deficiency in fruit trees. This effect cannot satis-
factorily be explained. 
Sprays with zinc salts on the bare wood, or (even better) on the leaves usually corn-
bate zinc deficiency to a satisfactory degree and are far better than a'dressine with 
zinc compounds on the soil. A decreased use of mercury spravs and an increased use 
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of zinc carbamates in Dutch fruit culture can explain the gradual disappearance of 
zinc deficiency in commercial orchards. 
Nitrogen deficiency 
To gain a high yield, leaf nitrogen content of Cox O.P. should be at least 2.2. % (160 
mg atoms N per 100 gr. dry matter) in years with an average yield - fig. 88 - . In off 
years this content will be lower - table 18, fig. 89 - . Other crops and varieties may 
possess a different content. The nitrogen content of the leaf turns out to be a better 
standard for judgement of orchard productivity than the nitrate content of the soil -
compare fig. 88,90 and 99 - . 
If the course of the nitrate content in the soil was similar every year, it would be far 
easier to fix a limit to the nitrate content of the soil - fig. 80 and 90 -. During dry 
periods nitrates accumulate and a smaller quantity of nitrogen is mineralised. In a 
moist soil nitrogen uptake usually is so much better that low nitrate contents result 
- tables 17 and 18-. 
According to research on mineralisation, a fluctuating soil moisture content without 
extremes will yield the best mineralisation. 
At the beginning of the summer season the soil nitrate content is especially important. 
Due to competition for nitrogen and moisture, grass in particular can induce nitrogen 
deficiency - tables iSb, 66 and 67 -. Mulches usually keep the nitrates present better 
available to plants by their beneficial influence on the moisture content of the 
nutrition zone. A mulch rich in carbon may eventually cause nitrogen deficiency. 
Nitrogen deficiency can usually be overcome by nitrogen dressings which however 
need to be heavy in the presence of a young sward - tables 17 and iSa -. 
0-1,2. The influence of several factors on the chemical status of the soil 
In very wet soils the nitrate, phosphate and potassium contents decrease while the 
iron, manganese and aluminium contents increase - table 25 - . 
The'contents of several mineral elements will decrease in a soil by drainage. Soils in 
use for fruit culture in the south west of the Netherlands lose 15-50 kg of N, hardly 
any phosphates, 30-65 kg of K A 25-85 kg MgO and 250-650 kg CaCO, per ha in an 
average winter - table 73 -• Comparable quantities drain away from soils under 
arable crops. 
Hv the dressings, as up to recently applied, fruit soils were more and more enriched 
with phosphate, potassium and magnesium. The latter is only true if ..patent kali" or 
..kieseriet" was applied - tables 74-76 -. 
A mulch increases the potassium content. A cover crop and grass decrease the nitrate 
content and may slightly increase the contents of potassium and magnesium. They 
promote the availability of iron and zinc. If a cover crop is harvested the potassium 
content can decrease considerably - table 67 -. 
Fruit culture causes a permanent loss of the following quantities of nutrition elements: 
29-31 kg N, S-9 kg PA 5 , 3S-48 kS K A 7 kg MgO, 171-186 kg CaCO 3/ha/y ear -
table 78 and 7 9 -
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The balance sheets for the principal nutritional elements show that the usual dressings 
exceed the consumption of the fruit crop and losses in drainage - table 80 -. This 
holds the least for magnesium. In the absence of liming, the lime content in the soil 
decreases but if the soil structure can be kept in a good state this decrease will not 
necessarily be harmful. 
3.4. The presence of nutritional disorders in different regions in relation 
to the chemical status 0/ the soil 
Because nutritional disorders can be brought about by a complex of causes, it will not 
be possible to predict their appearance on account of a single factor. Only an indi-
cation of a possible appearance can be obtained from soil analyses. The statistics of the 
„Bedrijfslaboratorium voor Grond- en Gewasonderzoek" at Oosterbeek (The Central 
Laboratory for Soil and Crop Analysis) provide certain critical contents of mineral 
elements for several fruit growing areas of the Netherlands. The high jx>tassium con-
tents on the holocene young sea clay soils and the low magnesium contents of the 
pleistocene sands have served to predict successfully the api>earance of magnesium 
deficiency. In the same way the high lime content of the young sea clays, to a lesser 
extent of the river clays and loess soils, have been the basis for the prediction of iron 
deficiency. The presence of zinc deficiency is only predicted by the high phosphate 
contents in the older sea clay soils. 
CHAPTER 4. THE PRACTISE OF SOIL MANAGEMENT IN 
FRUIT CULTURE 
Soil management in fruit culture is carried out to obtain the highest income. A judge-
ment of how remunerative a soil management system is should preferably be based on 
economic data. As these data are absent, other standards will be used. These stan-
dards can be derived from characteristics of the fruit crop (yield, growth, chemical 
composition of the leaf) and from the chemical composition and moisture status of 
the soil. 
The soil management practices can be varied according to crop data and soil analvses. 
Standards for judgement of the economic value of the culture, the crop and the soil 
have been obtained from the research mentioned in the previous chapters and from 
experience in practice. 
In the performance of soil management the following principal groups of measures 
can be discerned: 1. sou" cultivation, 2. growing of cover crops and swards 3 mulching 
4. fertilization and manuring, 5. regulation of the soil moisture status (drainage, 
irrigation etc.). 
A further description of these measures is presented in 4.2. 
From a review of existing soil management systems in the Netherlands - 4 3 - it cm 
be concluded that two systems dominate: In the river clav area a permanent swird is 
maintained while in the sandy soils and partly on the sea clav, clean cultivation in 
spring is followed by a volunteer cover of weeds. 
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The right cultural measures for modern fruit production can be decided with greater 
certainty on the evidence provided by analyses of crop characteristics, leaf and soil. 
Examples of modern soil management systems are described in 4.4. - fig. XV -. In 
every system a compromise must be found to meet as well as possible the requirement 
for an optimal soil status and for a highly productive crop, bearing in mind that soil 
fertility should be maintained as a long term policy. 
The kind of cover crop, its season, mulches, drainage and irrigation are the principal 
elements in building up such a compromise. 
Symptomen van wateroverlast 
bij het appelras Jonathan 
Afb.1. Gezond gewas 
Afb.2. Matige beschadiging 
Afb.3. Matig-emstige beschadiging 
Afb.4. Ernstige beschadiging 

Afb. 3. Matig-ernstige beschadiging 
Afb. U. Ernstige beschadiging 
SYMPTOMEN VAN WATEROVERLAST Blj HET APPELRAS JONATHAN 
Afb. 1. Gezond gewas 
Let op het welige blad en de grote bloemen. 
Afb. 2. Matige beschadiging 
De bloemen ontwikkelen zich niet geheel tot de normale grootte. De kroonblaadjes zijn, 
vooral aan de binnenzijde, geler dan bij het gezonde gewas. 
De afmetingen van het blad zijn bijna normaal of iets te klein. Het blad is geliger. Af-
hankelijk van de graad van wateroverlast komt in het blad tussen de groene zone's langs 
de hoofdnerven een meer of minder groot aantal roodbruine tot chocoladebruine vlekken 
voor. Vooral het gevlekte blad is niet vlak, maar is gekromd; blijkbaar doordat de blad-
rand beschadigd is, of ook zonder zichtbare beschadigingen het groeitempo niet bij kan 
houden. 
De scheutgroei is doorgaans iets vertraagd en blijft gedurende het gehele seizoen beperkt. 
Indien deze symptomen in het voorjaar worden waargenomen, kan in de zomer een 
herstel van het gewas volgen. 
Afb. 3. Matig-ernstige beschadiging 
De bloemen blijven klein of ontplooien zich nauwelijks. De witte kleur van de bloempjes 
is gemengd met geel en afhankelijk van de beschadiging ook met een grijzige neventint. 
Deze bloemen geven slechts zelden vruchten. 
Het blad blijft kleiner dan normaal. De grondkleur bevat meer geel in het groen dan 
bij gezonde bladeren. Tussen de nerven komen grote chocoladebruine vlekken voor. Het 
blad is doorgaans sterk gekromd. Afgestorven plekken aan de bladtop en de bladranden 
komen veel voor, ook wel midden in de bladschijf. 
De scheutgroei is meestal zeer beperkt. 
Wanneer dit stadium van beschadiging in het voorjaar wordt bereikt is het veelal de 
vraag, of de boom zich geheel zal herstellen. In hetzelfde seizoen is een volledig herstel 
vrijwel uitgesloten. Een boom, die op dergelijke wijze is beschadigd, moet in de eerst-
volgende winter meestal sterk teruggesnoeid worden. Deze graad van beschadiging geeft in 
een aantal volgende jaren dus een aanzienlijke opbrengstderving. 
Afb. 4. Ernstige beschadiging 
De bladknoppen en gemengde knoppen lopen doorgaans nog wel uit. Ze blijven echter 
in nun verdere ontwikkeling steken. De jonge blaadjes of bloemen verdorren voordat ze 
geheel zijn ontplooid. De blaadjes houden een grijzige kleur en worden nauwelijks groen. 
Bij het afsterven kleuren de bladranden en ook stukken tussen de nerven bruin. 
Vooral bij warm weer verloopt het afstervingsproces zeer snel. Indien deze symptomen in 
het voorjaar waargenomen worden, is een boom in vele gevallen gedoemd dood te gaan 
of moet sterk teruggesnoeid worden omdat gehele gesteltakken afsterven. 
Samensteller: Ir. J. Butijn, Instituut voor Cultuurtechniek en Waierhuishouding te Wageningen. 
Symptoms of injury caused by a high groundwater table. 
Apple Jonathan. 
FIG. 1. Healthy crop 
Note the luxurious leaf and big flower. 
FIG. 2. Medium injury 
Flowers do not reach the normal size. The petals areyellowish, especially inside. 
Leaf size is not fully normal. Leaf colour is yellowish green. Between the main veins occur more or less pronounced red 
brown or chocolate brown spots, depending on the degree of injury. 
The majority of leaves, especially leaves with discolorations, are not flat but more or less bent, probably because the 
verges of the leaf cannot keep pace with the growth of the middle pari. Shoot growth is delayed in spring and will be 
restricted in the summer. Whenever these symptoms appear a recovery of the tree in the following summer may occur. 
Fio. 3. Severe injury ' 
Flowers are small and may scarcely unfold. Colour of flowers is yellowish even with a greyish subtint. These flowers 
usually do not set. Leaves remain smaller. Ground-colour of leaves is yellowish green. Between the veins occur big 
chocolate brown streaks. Leaves are strongly bent. Necrotic spots near the leaf-top and verges frequently occur, but also 
in the middle part of the leaf area. Shoot growth is severely restricted. 
If this stage of injury is attained in spring it is doubtful whether the trees will fully recover in the same season. 
Usually a tree injured in this way has to be pruned heavily. So a depression of yield during several years will follow. 
FIG. 4. Very severe injury 
Leaf and flower-buds usually start to unfold, but stop in their development. Toung leaves and flowers wilt before they 
are fully expanded. In dying the leaf verges and strips between the veins turn to brown colours. During warm periods 
dying proceeds rapidly. 
If these symptoms appear in spring, as a rule a tree will die, or if it survives, it has to be pruned back severely because 
of many dead branches. 
Bylage by J. Bntun, Bodembehandeling in de Fruitteel* 
TABEL la. Collectie zeeklei-en duinzandgronden uit Z.W. Nederland 
Grond 
no. Bodemtype 
1 Dz 0 Droog duinzand 
2 Dz 2 Vochtige duinzandgrond 
3 Dz 3 Droge duinzandgrond 
4 MNK 2 Hoge plaatgrond 
5 MNk 7 Hoge plaatgrond 
6 MNk 8 Hoge plaatgrond 
7 MNs 10 Hoge schorgrond 
8 MNs 5 Hoge schorgrond 
9 MOp 10 Hoge oude poelgrond 
10 MOp 10 Hoge oude poelgrond 
11 MMr 3 Jongere kreekruggrond 
12 MMr 3 Jongere kreekruggrond 
13 MOk 1 Oude kreekruggrond 
14 MMr 2 Jongere kreekruggrond 
15 MOk 1 Oude kreekruggrond 
16 MOk 1 Oude kreekruggrond 
17 MNk 1 Laag gelegen plaatgrond 
18 MNk 1 Laag gelegen plaatgrond 
19 M O p 1 Lage oude poelgrond 
20 MMp 1 Lage jonge poelgrond 
21 MMbb 2 Jongere kreekbedding grond 
22 MMbb 2 Jongere kreekbedding grond 
23 MOk 1 k Oude kreekruggrond 
24 MOk Ik Oude kreekruggrond 
25 MNk 1 Hoge plaatgrond 
26 MNk 1 Hoge plaatgrond 
27 MNk 8 Overslibde plaatgrond 
Diepte 
Hoofdbestanddelen in % van de grond 
Afslib- Totaal 
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TABLE la. Soil properties of the standard collection of soils from the south-west of the Netherlands 
• Kali-getal 
BUlage bU J . ButUn, Bodembehandeling in de Frnltteelt 





















































































































































































T A B L E 5b . Chemical analysis of plants grown in the experiment dealt with in table 5a 
*) mg acq in 100 g droge stof 
2) mg mol in 100 g droge stof 
( ) geanalysccrd in blad van de scheuttop 4- scheutbasis, in overige gevallen van de scheutbasis 
Bijlage bu J , Ru tun , Bodembehande l ing in de F r u i t t e e l t 















































































































































































Rel . lengte 
: overjarig 





































T A B L E 8, Reactions of Cox O.P.fM XI trees in pots on soil moisture status. 
Columnar. 1 % of available soil moisture, 2-5 Shoot growth ofthe current year 6 Length ofbranches formedin preceeding years. 9. Yieldin 
kgjm of fruit bearing branch. 10. Average fruit diameters. 13. Number of fruitsjm f. b. branch. 14. Number offiowerbuds/m f.b. branch 15 
and 16. % of available moisture 17. Length of branches formed in previous years. 19. Yield kg/m f.b. branch. 20. Average fruit weight. 21. 
Average fruit diameter BUl&ge b\j J. Buttfn, Bodembehandeling in de Frnitteelt 
* Boom met ccn zecr slcchte stand 
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182 107 104 116 127 148 149 160 163 
TABLE 21. Actual tensiometer( T-) and equilibrium (E-) soil moisture tension in observation plot 24 
First column indicates depth of soil layers, groundwaterlevel — grondwatersland 
Last column: % of particles < 0.016 mm and°/a humus 
1. T = pF tensimeter 
2. E = Evenwichts pF = log (afstand tot de grondwaterspiegel in cm) 
BUlage bi) J . BntQn, Bodembehandeling in de Fruitteelt 
TABEL 25a. Verdrinkingsproef Jonathan M XVI in 60 cm diepe potten 1952-1954 















































Waterstand in de potten; cm ten opzichte van het 
bodemoppervlak ' 
13/11/1952 1/3/1953- 19/11/1953- 6/3/1954-
12/6/1953 6/3/1954 20/5/1954 
50 cm humus- + 5 
rijk duinzand + 5 
op 10 cm zeer — 20 
humusarm — 20 
duinzand — 50 
— 50 
50 cm humus- + 5 
arm duinzand + 5 
op 10 cm zeer — 20 
humusarm — 20 













































































Percent, dode Luchttoestand bij de hoog- Percentage CO a in 
wortels kleiner ste grondwaterstand de bodemlucht 
dan 2 mm porienvol. luchtvolume 20-40cmd. 20 cm diep 
















































































































































































































 0 = niet beschadigd (normaal), 1 = nauwelijks beschadigd, 2 — enige beschadiging, 3 = flinke beschadiging, 4 =• ernstige beschadiging. 5 — afgestorven. 
1
 0 — niet beschadigd (normaal), 2 — blad vrij geel van kleur, iets bruin soms kleiner, 4 = gelige bladstand, blad vaak met bruine vlekken, 6 = zeer matige bladstand, kleine scheutjes, soms klein blad, vaak grote bruine vlekken in het blad, 8 
veel bruine vlekken, weinig kleine scheutjes, 10 = afgestorven. 
' 0 = niet beschadigd (normaal), 2 = enkele bladeren met bronskleur, 4 = verscheidene bladeren met dode bladrandjes in bronskleur 6 = knoppen verdorren voor ze volledig ontvouwd zijn, 8 = knoppen reeds verdord voordat zij iets ontplooid zijn, 
4
 0 ^ niet beschadigd (normaal), 2 = matige bladstand, kleiner en geler blad, 4 —• slechte bladstand, kleiner en geel blad, 6 = zeer slechte bladstand, 8 ~ knoppen verdroogd, 10 = afgestorven. 
• C08 - bepaling alleen op 20 cm diepte; op 40 cm diepte konden geen luchtmonsters genomen worden. 
' geen — in deze potten was geen waterstand aanwezig. 
slechte bladstand, klein blad met 
10 — niet uitgelopen, dood" 
TABLE 25a. Experiment with the apple Jonathan M XVI concerning high groundwater tables in pots (60 cm deep) 
Column 1: JVr. of pot Column 2: Kind of soil 
Pots 1- 6 Loam, poor in lime 
Pots 7-12 50 cm of loam, rich in humus, poor in lime on 10 cm of loam poor in humus,poor in lime 
Pots 13-18 50 cm of dune sand rich in humus, poor in lime on 10 cm of dune sand very poor in humus, poor in lime 
Pots 19-24 50 cm of dune sand poor in humus, poor in lime on 10 cm of dune sand, very poor in humus, poor in lime 
3-6 .• Depth of groundwater level below the surface 
7-10: Stand of trees ; a high figure means a poor position (compare fig. Tl-4 in Vol 3) 
11: % of dead roots < 2 mm 
12: % of pore space in a period with the highest water level 
13: % of air in a period with the highest water level 
14-15: COt content in soil air 
Bijlage bij J . Butijn, Bodembehandeling in de Fruitteelt 
TABEL 25 b. Verdrinkingsproef Appelbomen Jonathan MXVI in 60 cm diepe potten 1952-1953 








































































































































































































Verse grond 18-5-1954 
Mg P N 














































































































































































































































































































































































































































































































































































































































































Begin maart 1953 
E H cm'KMnO) 
(pH = 7) nodig voor 















































Analyse redox toestand 
Begin mei 1953 Eind r 
c m ' K M n O , EH 




















































































































































































































































TABLE 25b. Ibidem table 25a 
Chemical soil analysis 
Table at the left side: fresh soil 
Table in the centre: dried soil 
Table at the right side: redox status of soil 
1
 bovcngrond, top soil 
* ondergrond, sub soil 
« z = half mei 1934 
' v = eind februari 1954 
• Begin E J J bij oxydimetrische titratie. Bepaald door ir. V A N DER K L O E S , Proefstation voor de Groenten- en Fruitteelt onder 
Glas te Naaldwijk. 
' c m ' 1/20 N K M n O , per 25 cm" grondextract ( ' / , N H j S 0 4 X: 3) nodig voor het bereiken van de omslag potentiaal bij de 
oxydimetrische titratie. 
Bepaald door ir. V A N DER K L O E S , Proefstation voor de Groenten- en Fruitteelt onder Glas te Naaldwijk. 
Bijlage by 3. Butun, Bodembehandeling in de Fruitteelt 
TABEL 29. Vertikale wortelverdeling in verschillende profielen aan de N.O., N.W., Z.O., en Z.W. zijde van een vruchtboom 
Bodem 
type 
M M r 3 






M X V I 
Jong 














0 - 20 
20- 40 
40- 60 
6 0 - 80 
80-100 
0-100 





























































































































































































































































































































































































































































TABLE 29. Ibidem table 28, in 4 directions (wlt w2, w3, and wt in fig, $o) 
BUlage b(j J . ButUn, Bodembehandellng in de Fruitteelt 
TABEL 30. Wortelverdeling in radiale richting bij vruchtbomen 







Jonathan M XVI 
(ca 4 jaar) 
Jonathan M XVI 
oud 
























































































Afstand tot de stam cm 
250- 270- 290- 310- 330- 350-
270 290 310 330 350 370 
Gemiddeld percentage van het totale aantal wortels 
6 3 
4 3 
9 6 6 7 8 5 













TABLE 30. Root distribution of fruit trees in radial direction % of roots at different distances from the trunk in 4 directions 




























in de gewichtspercentages 
Diepte 
cm o.m. 

































































































































































(I V in 



















































































































































Struikvorm Schone van Boskoop 
dichtbij proefplek no 24 
Monsters genomen onder de boom 
Struikvorm Schone van Boskoop 
Dichtbij proefplek 24 
Monsters genomen tussen twee bomen 
Zandlaag 
zandlaagje 
Overgang naar veen 
TABLE 32. Significance of data concerning soil moisture content (by weight) 
milage b)J J . Butun, Bodembehandeling in de Fruitteelt 






















































































































































































































































































































































































































































































Na - 2,2 ° C op 50 cm hoogte 
in de voorafgaande nacht 
TABLE 36. Daily course of tensiometer readings Observation plot 24 was clean cultivated, plot I straw mulched. 
Frost in the night of 19-20 March 1953. Zon = sunny, Regen — rainy; bedekte lucht, bewolkt = cloudy 
BUlage bU 3- Butjjn, Bodembehandeling In de Fruitteelt 
TABEL 40. Korte weergave van de toestand op een aantal proefplekken in zwartgehouden boomgaarden1 
Plek Fruit-
















Appel Zoete Ermgaard/Z, 27jaar 
Appel Zoete Ermgaard/Z. 27 jaar 
Appel Manks Codlin/Z. 22 jaar 
Appel Schone v. Boskoop/Z hoogst. 22 jr. 
Appel Schone v. Boskoop/Z hoogst. 22 jr . 
Appel Jonathan/Mil 16 jaar 
Appel Jonathan/Mil 16 jaar 
Appel Jonathan/Z 16 jaar 
Appel Schone v. Boskoop/MII 17 jaar 
Jonathan/MXVI 17 jaar 
Appel Schone v. Boskoop/MII 17 jaar 
Appel Jonathan/MXVI 17 jaar 
Peer Saint Remy/Z 
Peer Saint Remy/Z 

































afmetingen in m 
0 x hoogte 
7,20 x 7,38 x 5,C 



























































21,1 ' 23,0 
24,5 30,0 
14,9 35,5 


























3,64 x 3,94 x 3,02 
15,4 27,5 8 ,11x8 ,67x5 ,91 
36,7 27,4 6,80 x 6,84 x 4,41 
21.1 ' 21,5 4 ,78x4 ,66x3 ,74 
19.2 24,6 4 ,21x3 ,96x3 ,38 
17,2 19,6 4 , 9 5 x 4 , 9 3 x 3 , 8 6 
19,6 17,0 5 ,72x5 ,75x4 ,32 
21.4 15,4 5 ,14x5 ,13x3 ,81 
66,2 40,8 7,78 x 7,65 x 4,98 
32,6 24,2 5,73 x 6,00 x 4,79 
1949-'53 
70.5 52,1 5 ,65x5 ,38x5 ,50 
58,2 40,2 7,37 x 6,40 x 6,97 
31,5 45,5 5,10 x 4,97 x 4,56 
1950-'53 
52,9 36,0 7,43 x 7,84 x 6,32 
Appel Schone v. Boskoop/Z hoogst. 45 jr. 18,2 32,1 25,6 65,6 35,2 20,5 36,3 29,0 74,6 40,0 7 ,27x6 ,06x6 ,70 
Bodemtype Worteldiepte 
MMpl ruim 8 5 % dunne wortels 
ondieper dan 0,40 m 
MMp2 57% d. wortels < 0,40 m 
12% d. wortels > 0,60 m 
MOkl 59% d. wortels < 0,40 m 
11 % d. wortels > 0,80 m 
MOkl , 1 % d. wortels > 0,80 m 
ontzand 62 % d. wortels < 0,40 m 
MOklK 4 % d. wortels > 0,80 m 
6 3 % d. wortels < 0,40 m 
MNk7 9 % d. wortels > 0,80 m 
74% d. wortels < 0,40 m 
MNk8 10% d. wortels > 0,60 m 
61 % d. wortels < 0,40 m 
MNk7 5 % d. wortels > 0,60 m 
66% d. wortels < 0,40 m 
MOplO 12% d. wortels > 0,60 m 
60% d. wortels < 0,40 m 
MMr3 9 % d. wortels > 0,80 m 
43 % d. wortels < 0,40 m 
MNk8 16% d. wortels > 0,60 m 
58% d. wortels < 0,40 m 
MNsl5 18% d. wortels > 0,80 m 
73 % d. wortels < 0,40 m 
MNk7 8 % d. wortels > 0,60 m 
5 3 % d. wortels < 0,40 m 
MNslO 0 % d. wortels > 0,80 m 
10% d. wortels >0,60 m 
49% d. wortels < 0,40 m 
M \ k 7 0 % d. wortels > 0,60 m 
87% d. wortels < 0,40 m 
Vochttoestand in de bodem 
Grondwaterstand Laagste radiculair percentage vocht Laagste percentage beschikbaar vocht in de voedingszone 
Halfmrt. Eind sept. Voorjuli najuni voorjuli najuni 
cmo.m. cmo.m. 1950 1951 1952 1953 1950 1951 1952 1953 1950 1951 1952 1953 1950 1951 1952 1953 
170-200 220-240 55 
80-100 130-160 60 
180-210 230-270 40 
40- 50 120-160 70 
90-100 160-180 







































































140-150 160-200 55 
100-120 130-180 70 


































50 60 75 40 
85 90 80 85 
60 65 70 60 
10 
TABLE 40. Important data of observation plots in clean cultivated orchards (compare fig. I-X) 
Column: 1 Nr. of plot 
2 kind of fruit (peer = pear) 
3 Variety, rootstocks, age 
4 Yield in tjha „realyield" 
5. Yield in tjha,,adjustedyield" 
6 Dimensions of tree 
7 Code of soil type 
8 % of thin roots present at a depth greater than indicated 
9 Grondwater level, March, September 
10 Minimum of„rooting weighed average percentage of available soil moisture before July and afterwards 
11 Minimum of percentage of available moisture in the nutrition zone before July and afterwards 
1
 Dc volledige gegevcns over de proefplekken zijn voor belangstellenden ter inzage 
1
 Deze gegevens zijn opgenomen in de bijbehorendefig. van de proefplek 
BUlage by i . Butiin, Bodembehandeling in de Fruitteelt 
























































F. de Charneux Z 
Conference Z 
Louise Bonne K 
Conference K 
Louise Bonne K. 
Cox's O.P. II 
Mank's C. XI 
Cox's O.P. II 
Mank's C. XI 
Pater v. Mansveld 
Early Rivers 
Pater v. Mansveld 
Early Rivers 
Sch. v. Bosk. Z. hoogst. Z 
Idem M/II 
Idem M/II 
Precoce de Tr. kw. 
Idem kw. 
Transparent de Croncels Z 
Idem 
Idem M/II 
F. de Charneux 























(5 m hoog) 
(3 m hoog) 
(6 m hoog) 
(4 m hoog) 
5,30 x 5,70 
3,80x4,00 
3,80 x 3,80 
5,80 x 5,60 
4,00x4,60 
5,20x6,10 




middelland; zw. zavel/1. klei 
middelland; zw. zavel/1. klei 
plaatgrond; 40 cm 1. zavel/zand 
plaatgrond; 40 cm 1. zavel/zand 
schorgrond; 80 cm zavel/1. zavel/zand 
schorgrond; 80 cm zavel/1. zavel/zand 
I. zavelige kreekgr. 
1. zavelige kreekgr. 
zavelige schorgrond 
zavelige schorgrond 
1. kreekrug; 70-80 cm zavel op zand 
1. kreekrug; 70-80 cm zavel op zand 
zavelige kreekrug; > 100 cm zavel/zand 
zavelige kreekrug; 100 cm zavel/zand 
plaatgr; 70 cm zavel/zand 
plaatgr; 50 cm zavel/zand 
schorgr.; 80 cm zavel/zand 
schorgr.; 80 cm zavel 




zavel op 1. zavel 
zavel op 1. zavel 








































































































































































laagste vocht % in 

























































volume % lucht 
10% boven 80 cm 
\ J 
I J in wortelzone 
) steeds meer dan 
I * ^  /o 
] 
/ 
15 % boven 60 cm 
10% boven 80 cm 
10% onder 60 cm 
12 
TABLE 41. Some important data of observation plots in clean cultivated orchard. For explanation of column 
headings see table 40. 
Columm 4. average of „real" and,,adjusted"yields. 
12: % of air volume in soil over ( = boven) a depth indicated: wortelzone = rooting zone. 
1
 Voor belangstellenden zijn de volledige gcgevens ter inzage 
* Percentage fijnc wortels (links) dat werd aangetroffen beneden een bepaalde diepte (rechts) 
8
 Eind September (1953) werd bet minimum aangetroffen 
4
 F.ind augustus (1953) werd het minimum aangetroffen 
BUlage bii 3. Bntiin, Bodembehandeling in de Fruitteelt 
TABEL 42. Beknopte weergave van de toestand op een aantal proefplekken met akkerbouwgewassen 





























































(k) = korrel (s) = stro 




























































Schorgrond; zavel op zand 
Plaatgrond; 60 cm zavel op zand 
Plaatgrond; 40 cm zavel op zand 
Idem als plek 54, doch 80 cm diep 
geploegd 
Schorgrond; zavel op 1. zavel 
Plaatgrond; 50 cm zavel op zand 















Na mei in droge periode loopt de vochttoestand, - vergeleken met plek 51 - soms sterk 
terug in de (ondiepe) wortelzone, die niet verder dan 60 cm reikt. In aug. 1949 ver-
welktedeluzerneopdezeplek; niet op plek 51. 
In droge perioden is de vochttoestand minder extreem laag dan in plek 54. De diepere 
beworteling werkt deze toestand in de hand 
Na mei in droge perioden neemt het vochtgehalte in de wortelzone sterker af dan in 
plek 55. De gewassen verwelkten nimmer op deze plekken 
TABLE 42. Data of observation plots in arable land 1 Voor belangstellenden zijn de volledige gegevens tcr inzage 
BUlage bU J. Butun, Bodembehandeling In de Frultteelt 
TABEL 43. Beknopte weergave van de toestand op een aantal proefplekken in boomgaard onder invloed van een gevarieerde bodembehandeling1 
Plek no. Gewas 
I ' peer 
I I s peer 
Ras, onderstam, leeftijd enz. 
Precoce de Trevoux/Z. 35 jaar 
Idem 






































Precoce de Trevoux/kw. 15j. 
Idem 
Idem 
Yellow Transparant/Z. 28jaar 
Idem 
Idem 
Bramley's S/Z + Yellow Tr/Z 25 jaar 
Idem 
Idem 





Strobedekking 20 t/ha/j, plekken I-V I onivingen 
dezelfde aanvoer aan hoofdelementen, eventueel als 
kunstmeststoffen 
's-Zomers zwartgehouden, in nazomer + winter onkruid, 
bemesting als I 
Gras, dikwijls gemaaid ;4 bemesting als I 
Groenbemesting; bemesting als I 
Idem + 20 t compost/ha/j. 
Idem -f 40 t stalmest/ha/j. 
Strobedekking 20 t/ha/j.; plekken 57-59 gelijk bemest 
Zwartgehouden grond 
Gras dikwijls gemaaid4 
Strobedekking 20 t/ha/j; plekken 60-62 gelijk bemest 
Zwartgehouden grond 
Gras dikwijls gemaaid4 
Strobedekking 20 t/ha/j; plekken 63-65 gelijk bemest 
Zwartgehouden grond 
Gras, dikwijls gemaaid4 
Groenbemesting; plekken H5-H8 gelijk bemest 10,5 
Stro 11,0 
Zwartgehouden grond 9,6 
Gras 8,1 
Opbrengst ,,werke-
lijke" t/ha gem. 
over 1938-'53 over 
alle rassen Kroondoorsnede 






ca 2 x 2 m 
Idem 
Idem ' 
ca 5,5 x 5,5 m 
Idem 
Idem 
5,5 x 5,5 m/4x4 ,5 m 
Idem 
Idem 
4,00 x 4,80 m/7,11 x 7,39 m 
3,47 x 4,35 m/6,78 x 6,79 m 
3,11 x 5,03 m/6,75 x 6,34 m 
3,85 x 4,75 m/6,13 x 5,85 m 
worleldieptc2 
"„duniie ondie- I °ndunnc dieper Grondwaterstand in cm 
Bodem wortels per dan wortels dan beneden, mv 
type cm cm halfmrt. eind sept. 




























































[70-80 I 100-140 
) 60-90 

















Laagste radiculair gem. percentage vocht 
voorjuli najuni 







































100 100 100 
110 90 90 
100 85 95 
150 100 160 
150 130 160 



























































Laagste % beschikbaar vocht in voedingszone 
voorjuli najuni 


















































































































TABLE 43. Important data of observation plots with a differentially treated soil (compare table 40, Jig. XI-X1V) 
Column 3a = difference in soil management compared with clean cultivation ; strobedekking = straw mulch, 
's zomers zwartgehouden — clean cultivated in spring and first half of summer, gras = permanent sod (frequently 
mown), groenbemesting = cover cropped. 
1
 De volledige gegevens over deze proefplekken zijn voor belangstellenden ter inzage 
• Aangegeven is het percentage dunne wortels dat voorkomt boven resp. beneden een vlak onder het maaiveld (aangegeven in cm onder maaiveH) 
* Zieook de bijbehorende figuren 
' Dit is I x per maand gemaaid in de maanden mei-augustus 
BUiage bU J. Batijn, Bodembehandeling in de Frnitteelt 


























































































































































































T A B L E 49 . Quantities of drainage in orchard soils 
Top table: periods with drainage 
2nd table: precipitation 
3rd table: evaporation of open water in orchard 
4th table: drainage (provided an equal soil moisture content before and after a drainage period) 
5th table: year precipitation 
6th table: winter precipitation (November-March) 
Gemiddelde — average. 
* 1. Perenboomgaard op lichte jonge schorgrond; gcmeente Kattendijke 
2. Appclboomgaard op jonge schorgrond; gemeente Kattendijke 
3. Appelboomgaard op oude kreekgrond; gemeente Kattendijke 
4. Appel- en perenboomgaard op oude kreekgrond met zware laag; gemeente Kapelle-Biezelinge 
** 50-jarig gemiddelde volgens gegevens K.N.M.I. (Frequences van K-daagse neerslagsommen Vlissingen) 
*** Indien de vochtberging in de grond gelijk blijft en de evapotranspiratie gelijk is aan de verdamping van de bak 
Bijlage by J . Butijn, Bodembehandeling in de Fruitteelt 
T A B E L 52. De evapo-transpiratie van boomgaard in proccnten van de bcrekende verdamping van ecn vrij wateroppervlak ( = v ) 
Vochlverbruik betrokken op de 
berekende verdamping 







































































































































v Cv <J_ 
v 
136 36,5 9,5 
TABLE 52. Ratio: evapotransfnration of dean cultivated orchard X 100 
evaporation of open water ace. Penman 
B U l a g e b i j J , B u t i j n , B o d e m b e h a n d e l i n g i n d e F r n i t t e e l t 



























Schone v. Boskoop 
Cox's O.P. M XI 
Pr. de TreVoux 
Clapp's Favourite 
Ras 
Schone v. Boskoop 
Cox's O.P. M XI 
Pr. de Trevoux 
Clapps Favourite 
Ras 
Schone v. Boskoop 
Cox's O.P. 
Pr. de Trevoux 
Clapp's Favourite 
Ras 
Schone v. Boskoop 
Cox's O.P. 
Pr. de Trevoux 
Clapp's Favourite 
Ras 
Schone v. Boskoop 
Cox's O.P. 
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i g droge stof 





mol/100 g droge stof 





























































TABLE 54. Significance of data concerning leaf analysis 
1
 Uit ieder van de vier monsters, genomen van dezelfde boom, zijn 2 submonsters getrokken voor de chemische analyse. 
CT* = Standaardafwijking ten gevolge van de bemonsteringsfout -f chemische-analysefout (analyse in tweevoud) ( a van de 
gehalten die in deze verhandeling worden opgegeven) 
CT** == a * e.a. in % van het gemiddelde gehalte 
( j * * * = Standaardafwijking ten gevolge van de bemonsteringsfout + chemische analysefout 
<y**** = Standaardafwijking tengevolge van de chemische analysefout 
CT* = Standard deviation due to sampling errors (every sample consists of 2 subsamples) + (chemical) analytical errors (duplicate analysis) 
of every sample) ; standard deviation of all figures given in this dissertation 
a*** = Stand, deviation due to sampling errors + analytical errors 
<J**** = Stand, deviation due to analytical errors 
Btflage bij J . Butijn, Bodembehandeling in de Fruitteelt 
TABFL 56. Resultaten van de bodemanalyses van boomgaarden 
Bovengrond 0-20 cm 
Gebied 
I. Z.W.-Zeekleigebied + gorsgronden (brakestuariumgebied) zonder uitgesproken oude cul-
tuurgronden 
II . Z.W.-Duinzandgebied 
III . Noord-Holland, voornamelijk de Bangert (oude zavel en lichte kleigronden) 
IV. Friesland en Groningen. Oudere zavel en lichte kleigronden (geen knippige grond) 
V. Noord-Brabant en Midden-Limburg; pleistocene zandgronden 
VI. Zuid-Limburg; lossgronden 

















5 - 22 
40- 70 
50-120 




< 1 - 7 
< 1 - 1 
< 1 - 6 
< l - 2 0 




< 1 - 6 
<1-15 
< 1 - 1 
< 1 - 4 
Al 
< 1 - 3 
< 1 - 4 
< 1 - 1 
< 1 - 1 
< l - 3 0 






< 1 ^ 0 















Ondergrond 20-80 cm 
Gebied 
I. Z.W.-Zeekleigebied + gorsgronden (brakestuariumgebied) zonder uitgesproken oude 
cultuurgronden 
II. Z.W.-Duinzandgebied 
II I . Noord-Holland, voornamelijk de Bangert (oude zavel en lichte kleigronden) 
IV. Friesland en Groningen. Oudere zavel en lichte kleigronden (geen knippige grond) 
V. Noord-Brabant en Midden-Limburg; pleistocene zandgronden 
VI. Zuid-Limburg; lossgronden 
Delen per miljoen opgelost in Morgan's extract 1:2,5 van de grond 
Ca 
500-10000 
< 5 0 - 500 
1000- 8000 
500- 9000 

















< 1 - 8 
< 1-18 
<1-11 
< 1 - 5 
< l - 7 0 
< 1 - 7 
Mn 
<1-14 
< 1 - 5 
<1-15 
< l - 2 0 
<1 
< 1 - 8 
• Al 
< 1 - 3 
< 1 - 10 





< l - 2 0 
<1-10 
< 1-15 
< l - 3 5 





< 1 0 - 80 
< 1 0 - 20 
< 1 0 - 20 
< 1 0 - 20 
(NO,) 
2-50 
< l - 2 0 
2-25 
1-20 
< l - 2 5 
2-20 
TABLE 56. Extremes in the contents of various elements in Morgan's soil extract. 
BUlage bU 3. Butun, Bodembehandeling in de Fruitteelt 




































































































































































































































































































M X V I 
Gem. wortel-














TABLE 58. Reaction ofrootstocks on ^-fertilization and kind oj cover crop (pot experiment) 
Column I: pot Nr; column 2: Nfertilization ; veel = heavy, geen = no; column 3: % of available soil moisture; 
column 4: cover crop; rye grass, white clover, no crop; column 5: chemical leaf analysis; column 6: Mg deficiency 
symptoms (high figures mean serious deficiency) ; 7: N deficiency symptoms (ibidem 6) ; column 8: Average shoot 
growth ; column 9: Average root growth. 
1
 mg aeq in 100 g droge stof 
* mg mol in 100 g droge stof 
* waardering Magnesiumgebrek 
4 zeer ernstig, 3 ernstig, 2 duidelijk, 1 enig, 0 gezond 
4
 waardering Stikstofgebrek 
4 geel-groene bladkleur, 4 lets gcel-groene bladkleur, 2 lichtgroene bladklcur, 
( ) Analyse alleen van blad van de scheutbasis 
groene bladkleur, 0 donkergroene bladkleur. 
BUlage bU J. ButUn, Bodembehandeling in de Fruitteelt 
TABEL 60. De invloed van de kalktoestand in de grond op de kationenabsorptie door de plant 
Adsorptie volgens de formule van FREUNDLICH log y = p log x + k 
y = hoeveelheid van een element in het blad, mg aeq/100 g dr. stof 
x = hoeveelheid van een element in grondextract volgens MORGAN (1:2,5) d.p.m.1) 
P ' 








Cox's Orange Pippin M. II , XVI 
Cox's O.P. M IX 
Jonathan M XVI 
Cox's O.P.M. M II 
Cox's O.P. M IX 
Jonathan M XVI 
Cox's O.P. M i l 
Cox's O.P. M IX 
























0,09 ± 0,04 
0,48 ± 0 , 1 0 
0,07 ± 0 , 1 8 
0,22 ± 0,05 
-0,01 ± 0,1 
0,11 ± 0 , 0 6 
0,42 ± 0,06 
0,36 ± 0 , 1 3 
0,36 ± 0,09 
0,40 ± 0,47 
0,03 ± 0,14 
0,09 ± 0,20 
0,16 ± 0 , 1 0 
0,10 ± 0,06 
0,69 ± 0 , 1 5 
0,37 ± 0,14 
0,07 ± 0,18 
0,37 ± 0,13 
1,23 ± 0,45 
2,57 ± 1,38 
0,33 ± 0,08 
1,16 ± 0,32 
0,15 ± 0,06 
0,11 ± 0 , 0 7 
2,28 ± 0,67 
3,38 ± 0 , 1 2 
0,44 ± 0 , 1 3 
0,32 ± 0,30 
k 
1.45 ± 0.07 
0,78 ± 0 , 1 5 
1,37 ± 0,30 
0,76 ± 0,02 
1,16 ± 0 , 1 3 
0,95 ± 0,09 
0,80 ± 0,07 
0,79 ± 0 , 1 7 
0,77 ± 0,13 
0,89 ± 0,26 
1.56 ± 0.15 
1,66 ± 0 , 1 1 
0,90 ± 0 , 1 1 
1,02 ± 0,21 
0,68 ± 0,24 
0,96 ± 0,22 
1,43 ± 0,09 
0,86 ± 0,22 
-0,80 ± 0,74 
-2,79 ± 2,13 
1,13 ± 0 , 0 7 
0,23 ± 0,37 
1,34 ± 0 , 1 1 
1,27 ± 0 , 1 1 
-2,44 ± 1,05 
-3,99 ± 1,84 
1,07 ± 0,15 






























TABLE 60. Absorption of elements by apples in relation to lime content of the soil 
Constants of the Freundlich adsorption formula logy = p logx + k 
y = leaf content of a certain element, x — content in soil extract, Kalktoestand — Ca-content ofsoil extract. 
Voor een goede vergelijking van de kaHum- en magnesiumopname is de hoeveelheid magnesium in het grondextract. (i.v.m. 
i f 
de valentie van Mg) door 2 gedeeld. Bij de berekening van de r-r verhouding is de hoeveelheid magnesium niet gedeeld. 
Mg 
• Ga in d.p.m. in grondextract volgens Morgan 
* Aantal gevallen 
Bijlage bij J , ButUn, Bo dembeh an deling in de Fruitteelt 
TABKL 61 a. De invlocd van cnkcle meststoffen op de scheut- en wortelgroei van appelonderstammen in ecn potproef 




















Kalkrijke lichte zavel-zand, matig kaliarm 
Kalk- en magnesiumarme, kalirijke, lichte zavel 
Bcmesting 
20 gew. % landbouwkalk ' 
20 gew. % landbouwkalk* 
20 gew. % landb. kalk + 2,5 gew. % K , S O , 
w. % landb . kalk + 2,5 gew. % K i S O , 20 ge ,
2,5 gew. 70 I \ , O V I 
2,5 gew. % K , S O , 
3 gew. % M g S O , 
3 gew. % M g S O , 
geen 
geen 
20 gew. % landbouwkalk 
20 gew. % landb. kalk + 2,5 gew. % K , S O , 
2,5 gew. % K , S O . 
3 gew. % M g S O , 
20 gew. % l andb. kalk + 3 gew. % M g S O 
20 gew.° /0L.kalk, 3 gew.% M g S O , 4 2,5 g_-w.0,, 























Scheutgroei in cm per plant Wortelgroei in grammen 
1953 1954 drogestof per plant 
M type IV M type X V I M type IV M type X V I 
Gem. Gem. Gem. Gem. 
scheut- scheut- scheut- scheut-









































































































































































TABLE 61a. Reaction of root stocks to different fertilizers and soil moisture conditions 
Column I: Pot Nr. 
Column 2: Kind of soil: sandy silt loam, rich in lime, medium poor in K 
sandy silt loam, poor in lime and Mg, rich in K 
Column 3: Fertilizer used: soil mixed with 20 % of commercial lime 
Ibidem + 2,5% ofK^O, 
soil mixed with 2,5 % ofK^SO* 
Soil mixed with 3 % Mg SO
 t 
None 
Column 4: Soil moisture content; V = near Jieldcapacity 0 = near wilting point 
Column 5: Shoot growth 
Column 6: Root growth 
i V = dichtbij veldcapaciteit . D = dichtbij verwelkingspunt 
• Hiervoor is gebruikt E M K A L , welvvillend beschikbaar gesteld door het L a n d b . Kalkbureau Zwolle. Een vrij zuiverc kooi-
zure kalk met ca 0,8 procent M g O . 
( ) Slechtgegroeide planten 
Bijlage bij J . Buttfn, Bodembehandeling in de Fruitteelt 































20 gew.% landbouw kalk • 
20 gew.% landbouw kalk6 
20 gew.% land.kalk + 2,5 gew.% K 2 S 0 4 
20 gew.% land, kalk + 2,5 gew.% K 2 S 0 4 
2,5 gew.% K 2 S 0 4 
2,5 gew.% KsSO, 
3 gew.% MgSO, 
3 gew.% MgSO, 
controle 
controle 
20 gew.% landbouw kalk 
20 gew.% landb. kalk + 2,5 gew.% K2SC-4 
2,5 gew.% K2SC-4 
3 gew.% MgSO, 
Controle 
20 gew.% land.kalk + 3 gew.% MgSO 
20 gew.% I.kalk + 3gew. % M g S 0 4 + 2,5 gew.% 
3 gew.% M g S 0 4 + 2,5 gew.% K 2 S0 4 




















K 2 S0 4 V 
V 




M I V 




























































































































































































































































































































































































TABEL 61 b. Ibidem table 61a. Chemical leaf analysis. 
7. Symptoms of Mg deficiency\ high figures mean severe leaf necrosis 
8. Symptoms of Mg deficiency, high figures mean severe drop of leaves. 
V = Dichtbij veldcapaciteit 
D = Dichtbij verwelkingspunt 
0 = geen symptomen 
4 = vele bladeren met necrosen 
1
 mg aeg. per 100 g droge stof 
* 0 = geen bladval 
2 = vcrscheidcne scheuten 
met bladval 
( ) analyse van blad van de scheuttop + scheutbasis 
• mg/mol per 100 g droge stof 
• Hiervoor is gebruikt E M K A L ; welwil-
lend beschikbaar gesteld door het 
Landb . kalkbureau Zwolle. Een vrij 
zuivere koolzure kalk met ca 0.8 pro-
cent M g O . 
Btflage by J. Bntjjn, Bodembehandeling in de Froitteelt 
TABEL 61C. De invloed van enkele meststoffen op de chemische toestand van de grond 
Potproef met appelonderstammen 


























20 % landbouwkalk 
2 0 % landbouwkalk 
2 0 % landbouwkalk +2,5 % K 2 S0 4 
2 0 % landbouwkalk + 2 ,5% K 2 S0 4 
2 , 5 % K a S 0 4 
2 , 5 % K 2 S 0 4 
3 % M g S 0 4 
3 % MgSC-4 
geen 
geen 
20 gewichts % landbouwkalk 
20gewichts% landbouwkalk + 2,5 g % K2SO„ 
2 , 5 g e w . % K 2 S 0 4 
3 g e w . % M g S 0 4 
onbemest 
20 g % landbouwkalk + 3 g % MgSO, 
20 g % landbouwkalk + 3 g % M g S 0 4 + 2,5 g % K 2 S0 4 





































































































































































TABLE 61c. Chemical soil analysis pot experiment dealt with in table 61a N.B. V *=* Dichlbij veldcapaciteit 
D = Dichtbij verwelkingspunt 
• De gehalten van alle elementen zijn opgegeven in d.p.m. in Morgan's extract van de grond 
BUIage liU 3. ButUn, Bodembehandeling in de Fruitteelt 
TABEL 62. Oplosbaarheid van magnesium uit verschillende mineralen en mineralen mengsels 










4. Basisch magnesiumcarbonaat p.a. 
5. 88B-magnesiumcarbonaat + 
33 calciumcarbonaat p.a. ') 
6. 88B-magnesiumcarbonaat + 
100 calciumcarbonaat p.a. ' ) 
7. 88B-magnesiumcarbonaat + 
300 calciumcarbonaat p .a . ' 
1. Dolokal1 
2. idem 
3. Basisch magnesiumcarbonaat p.a. 
4. 88B-magnesiumcarbonaat + 
33 calciumcarbonaat p .a . ' 
5. 88B-magnesiumcarbonaat + 
100 calciumcarbonaat p.a.* 
6. 88B-magnesiumcarbonaat + 









































































































TABLE 62. Solubility of Mgfrom different minerals and mixtures of minerals 
Column I: ratio: mineral I solvent 
2. mineral or mixture, particle size 
1-2 commercial lime -fertilizer (Mg-rich) ; 3 Dolomite crystal; ground; 4 Basic magnesium carbonate; 5 88 MgCOt OH + 33CaCOt; 
6 88 MgC03.OH +100 CaCO,; 7 88 MgCO, OH + 300 CaCO,. 
3. solvent: aqua dest, ' / , JVNaCI, Morgan's Extract. Sol., ' / , Nacetic acid. 
1
 Ecn gemalen, sterk magnesiumhoudende kalksteen, in gebruik als sterk magnrsiumhoudende kalkmeststof. Beschikbaar 
gesteld door het Landbouwkalkbureau tc Zwolle. 
* Een gemalen, licht gemengd dolomtetkristal uit de omgeving van Freiburg. 
* De opgegeven cijfers geven gewichtshocveelheden aan. 
' P = Opgeloate hoeveelheid MgO in proccnten van de opgeloste hocveelheid van basisch magnesiumcarbonaat. 
* De magnesiumbepaling is met complexon uitgevoerd volgens BERKHOUT en GOOSSKN, Chem. Wukbl. 48 (1952) 500-582. 
RUlage bU i . Rutijn. Bodembehandeling in de Frnitteelt 


















M I V 
Kwee A 
M I V 
Kwee A 
M I V 
Kwee A 
M I V 
Kwee A 
M I V 
Kwee A 
M I V 
Kwee A 





M I V 
Kwee A 






























































































































































































































TABLE 69b. Ibidem table 69a. Chemiral leaf analysis 1 nig. aeq per 100 g. droge stof 
1
 mg. mol per 100 g. droge stof 
• nat = met 100 - 8 0 % beschikbaar vocht; droog = met 4 - 20 0 o beschikbaar vocht 
t = blad van de bovenste helft van de schent 
b = blad van de onderste helft van de scheut 
BUIage bU J. ButUn, Bodembehandeling in de Fruitteelt 
TABEL 71. Frequentietabellen over het optreden van zinkgebrek bij bepaalde toestanden van de bodem. 















































2. Vochttoestand van de bodem 
te nat vochtig goed/matig droog 
1 4 57 
0 3 43 
1 0 0 
<20 20-40 
4 80 5 100 


















5. Mg-MV cijfer 0-40 
































cijfer 0-40 cm 


















































6. Mv-MV cijfer 0^10 cm 
1-5 5-10 > 10 dpm 
8 50 0 
7 47 1 
0 1 

















TABLE 71. Soil factors in relation to zinc deficiency 
Figures in italics are percentages of parcels belonging to rate of Zn-deficiency indicated in column 1(2 = severe ^-deficiency) 
JV.B. Vochttoestand = soil moisture content in the summer. Vochtig = moist, droog = dry. 
Zn (21li% azijnz) = Z" extracted by 21 / , acetic acid. 
% afslibbare delen = % particles < 0,016 mm 
1
 0 = geen symptomen 1 = malig zinkgebrek 2 = ernstig zinkgebrek 
N.B. De niet-cursieve cijfers geven de absolute aantallen van de proefplekken. 
De cursieve cijfers geven het percentage van de proefplekken t.o.v. het totale aantal gebruikt bij de waardering van een bodemfactor. 
Bjjlage bij 3. Butijn, Bodembehandeling in de Fmitteelt 
TABEL 74. De invloed van de bemesting op het resultaat van de grond-analyse 
Bcmestingsproefvelden in Zeeland van de Rijkstuinbouwvoorlichtingsdienst 
Proefveldgegevens 
No. proefveld Jaar van aanleg no veldje N* 




















150 p k 
100 K-40 
300 K-40 












































































































































































































































































































TABLE 74. Chemical soil properties in relation to fertilization 
Column I. JVr. of experimental field. 
2. Tear of beginning of the experiment 
3. Mr. of plot 
4. N dressing; za = (NHi)1SOt (comrrtercialgrade) 
5. P dressing; sup — superphosphate (commercial grade) 
6. K dressing; pk = patent kali ( = K-Mg-SOt) 
7. K40 — KCl (commercial grade) 
8. Mg dressing; kies, — kieserit, Alg SO, (commercialgrade) 
9. Date of soil sampling 
10. Soil analysis according B.L.G.G.O. 
* In de kolom is aangegevcn de h .h . zuivere meststof en de vorm waarin ze is gegeven. 
1
 Uitgevoerd door het Bedrijfslaboratorium voor Grond- en Gewas Onderzoek te Oosterbeek. 
1
 In de eerste jaren van de aanleg zijn kleine, varierende hoeveelheden N,-P- en K-meststoffen gegeven. 
BUlage I>U J . Iiutun, Bodemhehandeling in de Fruitteelt 
TABEL 77. Gehalten van enkele elementen in fruit en fruitbomen 
Appclras Element 
Gehalten in procentcn van de verse massa 
Vrucht Snoeihout Stam Wortcls Opmerkingen Auteur 
Div. 
Div. 
Bramley's S., Lane's Pr. Alb. 
Jona than 
Delicious 





Bramley's S. Lane 's Pr . Alb. 
Delicious 






Bramley's S. Lane 's Pr. Alb. 
Schone van Boskoop 
Golden Delicious 
Div. 
Bold win & R . I . Greening 
Div. 
Bramley's S. Lane 's Pr. Alb. 
Delicious 
Schone van Boskoop 
Golden Delicious 
Div. 
Bold win & R . I . Greening 
Div. 
Bramley's S., Lane 's Pr. Alb. 
Delicious 
P . O . 
K . O 
CaCO, 





















naa r 100 bo-
men/ha 
Berekcnd v. 
resp. 1 6 % en 
50%droges to f 
STEGLICH, 1907 
V. SLIJKE c.s., 1905 
BROWN, 1926 
MAONESS C.S., 1939 
HEINICKE, 1937, loc. cit., 
COURLEY & HoWLETT, 1947 
BATJER & ROGERS, 1952 








0,07 0,056 0,046 
-*• 0,10-0,19 •< 
0 , < ) 1
™ ( 0,065-0,080 0,017-0,023 \ 
















-s- 0,18-0,32 -t 
0,06-0,30 0,16-0,39 


























































• • Eetbaar 
deel naar 100 
bomen per h a 
STEOLICH, 1907 
V. SLIJKE C.S., 1905 
HOPKINS & G O U R L E Y , 1933 
B R O W N , 1926 
SHERMAN 1949 (l.c, Strachan c.s. 1951) 
HEINICKE 1937 (l.c. Gourley c.s. 1947) 
BATJER & ROGERS, 1952 
P.F.V.G..1956 
STEGLICH, 1907 
V. S U J K E c.s., 1905 
HOPKINS & G O U R L E Y , 1933 
BATJER & ROGERS, 1952 
BROWN, 1926 
SHERMAN 1947 (Strachan 1951) 
HEINICKE, 1937 (l.c. Gourley c.s. 1947) 
P.F .V.G. , 1956 
STEGLICH, 1907 
V . SLIJKE C.S., 1905 
HOPKINS & G O U R L E Y , 1933 
B R O W N , 1926 
SHERMAN, 1947 (l.c. St rachan c.t. 1951) 
BATJER & ROGERS, 1952 
P.F.V.G. , 1956 
STEOLICH, 1907 
V. SLIJKE C.S., 1905 
HOPKINS & G O U R L E Y , 1933 
BROWN, 1926 
SHERMAN, 1947 (l.c. Strachan 1951) 
BATJER & ROGERS, 1952 
P.F.V.G. , 1956 
Div. 
Div. 




Bre. Alexander Lucas 
Conference 
Div. 
Bre. Alexander Lucas 
Conference 
Div. 
D. d 'Angouleme & Kieffer 
Bre. Alexander Lucas 
Conference 
Div. 
D. d 'Angouleme & Kieffer 
Bre. Alexander Lucas 
Conference 
P . O , 
K . O 
C a C O , 



























0 016-0,021 0,11-0,18 
0,063-0,075 / , „ „ „ 
> 1 9-2 2 
0,070-0,078 ^ ' ' 









0,018-0,025 \ 0,038-0,053 0,015-0,019 
STEGLICH, 1907 
V. SLIJKE c.s., 1905 
P.F.V.G. , 1956 
STEGLICH, 1907 
V. SLIJKE C.S., 1905 
P.F.V.G. , 1956 
STEOLICH, 1907 
V. SLIJKE C.S. 1905 
P.F.V.G. , 1956 
STEOLICH, 1907 
V. SLIJKE, 1905 
P.F.V.G. , 1956 
STEGLICH, 1907 
P.F.V.G. , 1956 
T A B L E 7 7 . Contents of some elements (% of fresh weight) in different parts of fruit trees (fruit, prunings, trunk, roots) 
P.F.V.G. = Proefslation v. d. Fruitteelt , Voile Grand 
B i j l a g e bij J . B n t i j n , B o d e m b e h a n d e l i n g i n d e F r u i t t e e l t 
FIG. XV. Bodembehandelingsschema's voor boomgaarden op bodemprofielen uit de voornaamste 
Nederlandse fruitteeltgebieden. 
Gegevens behorende bij de afgebeelde bodembehandelingsschema's 
Gewas (crop) 




























s terk- t -water-
overlast 















0 - 50 cm 
0 - 40 c m 
0 - 80 c m 
0 - 90 c m 
0-100 cm 





ma t ig 
moderate 











Blad N - % 
2.0(Cox O.P.) 
2.1 ( J o n a t h a n ) 
2,4 (Cox O.P . ) 
2.0 (Cox O.P. ) 
2,3 (Cox O.P . ) 









licht M n - g e b r e k 
ernst ig M g + 
Fe-gebrek 
some Mn-deficiency 
severe Fe + Mg-deficiency 










K a O % 
M g O % 
Li = 9,0 
0.2 
1,5 












o T 6 - = » ' 6 
K20%of 
MgO% 
FIG. XV. Schemes of modern soil management systems adapted for varying orchard soil conditions. 
Data belonging to the given soil management schemes 
Grond (soil) 


















































K W C 7 % . 10000 
MgNaC) d p m 
^ = 3,0 
20 
54 
— - 2 , 0 
27 
I " = 1,8 
80 
J* = o.ir 
220 
^ = 0,2 
250 
J ° = 0,08 
240 
KHa%.1000 








Profiel d ieper 
d a n 40 c m 
h u m u s a r m z a n d 
sand 
i dem 








Soil below 40 cm 
Waterhuishouding 
diepte gr. w. spiegel beschik-
baar 
mrt juni sept, vocht in kunslmatige 
cm wortelzone wateraanvoer 
50 140 190 70 mm 
40 50 100 100 
70 115 160 80 
60 70 200 180 
100 130 230 150 








uit sloot; najuni 
> 3 gr. NaCl 




bron; 4 dpm Fe 
well; 4 ppm Fe 
nutrition zone 0-40 cm 
March June Sept. Available Water supply 
moisture in for irrigation 
depth of ground rooting 




















= drainage and distance respectively depth of tile - lines in m. 
— water supply 
= sprinkler irrigation 
= flood irrigation 
= fertilization 
— application of fertilizers on the soil 
= application of fertilizers on the trees 
= cultivation 
= cover crops and swards 
= permanent sward 
= Italian rye, Lolium multiflorum Lam. 
= Turnips. Brassica rapa L. 
= Yellow trefoil, Medicago-lupulina L. 
=' mulch 
— straw 
— strips under the tree rows (width appr. 2 m) 
— alleys between the tree rows. 
NR. 1 
T KORTMAS 
l j short grass 
teSy-Sfta BED.EKTE(6EMUtChTE) GROND 
mulched soil 
r A I UNGGRAS 
1 *- MJ Ull grtSS 
GROENBEMESTING 
covtr crop 
I ; / ; . ; / / . . - ! BEWERKTEKWARTGEHOUDEN) 
GROND 
clean cultivated toil 
BEMESTIN6 OP OE GROND 
dressing of fertilizer on the soil 
BESPUITING VAN DE BOOM 
nutrient spray on the tree 
Bewerkin? 











BEDEKTfJtGEMUtCHTE) GROND p 
mulched soil I 
BEWERKTE(ZWART6EH0UDEN) f " 
GROND L . 
clean cultivated soil 
~ ] BEMESTIN6 OP OE GROND 
dressing of fertilizer on the soil 
~l BESPUITING VAN DE BOOM 
_J nutrient spray on the tree 
. B t v r t r i " " ^ * * " 
N R . 5 N R . 6 
Bijlage bU 3. Butijii, Bodembehandeliiig in de Fmitteelt 
